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PREFACE 


T HIS book is intended to provide a systematic course 
of practical Volumetric Analysis, not only for junior 
University students, but for pupils in the higher forms 
of Secondary Schools. The increasing demands made upon 
candidates for the Higher School Certificate and University 
Scholarship examinations make it imperative that the 
fundamental principles of volumetric methods of analysis 
should be thoroughly grasped. With this object in view, 
the subject is treated, wherever possible, from the stand- 


points of the Ionic hypothesis and the modem Theory of 
Indicators, and the difference between equivalence and 
neutrality has been emphasized. A considerable section 
has been devoted to Iodometry, since this particular branch 
of volumetric analysis is frequently neglected ; iodometric 
determinations, however, are so simple to perform, and 
capable of so many applications, that the principles of 
iodometry should be appreciated by any student of Chemistry. 
A chapter has been given to the volumetric methods of 
determining the solubilities of solids, liquids, and gases, an 
application of volumetric methods which, in the author's 
opinion, should be emphasized much more strongly than has 
een the case. A list of suggested experiments has also been 
a dcd to each chapter, and, finally, a chapter on the modem 
eory of Indicators has been included, in which the pheno- 
mena due to the hydrolysis of salt solutions are treated from 
e standpoint of Ostwald's Dilution Law ; the subject is 

us made more complete by placing it on a mathematical 
basis. 
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VOLUMETRIC ANALYSIS 

CHAPTER I 

THE GENERAL PRINCIPLES OF VOLUMETRIC 

ANALYSIS 

i. Introduction. In Volumetric Analysis quantitative 
determinations are made by means of solutions of accurately 
known concentrations, and the reagents employed for this 
purpose must produce certain definite chemical reactions 
with the substances it is wished to determine. All volumetric 
determinations involve three distinct steps : 

(a) The preparation of the standard reagent ; 

(b) The preparation of the solution of the substance to be 

determined ; 

(c) The titration, or determination of the volume of standard 
reagent required to produce a definite reaction with a known 
volume of the solution to be determined. 

The standard solution is prepared either by weighing an 
exact amount of the reagent, dissolving it, generally, in 
distilled water, and diluting to a convenient volume ; or 
by preparing a solution of approximate strength (generally 
of slightly greater strength than is required), determining 
the exact strength by special means, and then correcting the 
approximate solution (generally by diluting it to the desired 
concentration) . 

The solution of the substance to be determined is prepared 
by weighing an exact amount of the substance, dissolving it, 
and then diluting to a convenient volume. For this purpose 
a graduated flask is generally employed. 

The titration is carried out by transferring, by means of a 
pipette, a measured volume of the test solution to a small 
flask, and then running in the standard solution from a 
burette. There are two main methods of determining the 
end of the reaction : 

(i) Where a change occurs in the appearance of the reacting 
solutions ; e.g. in the titration of a ferrous iron solution with 

x x 


2 


VOLUMETRIC ANALYSIS 


standard potassium permanganate solution, the ' end-point ’ 
of the reaction is denoted when the pink colour of the potas- 
sium permanganate just persists. When this point has been 
reached it is an indication that all the iron in solution has 
been oxidized from the ferrous to the ferric condition. 

(ii) Where a trace of a third substance is added to the 
reacting solutions to serve as an ‘ indicator \ i.e. a substance 
which by its change of appearance denotes when one of the 
reacting solutions is present in a very slight excess ; e.g. the 
use of litmus in titrating strong acids with strong bases. 

2. The Advantages and Accuracy of Volumetric 
Methods. The volumetric method of analysis, when per- 
formed carefully, has important advantages over other 
quantitative methods. Firstly, there is great economy of 
time, since a single titration takes only a few minutes ; this 
enables several concordant results to be obtained, and the 
margin of experimental error is, thereby, reduced consider- 
ably. Secondly, it is seldom necessary, when volumetric 
methods are employed, to separate the products of the 
reactions, since the presence of comparatively large quantities 
of other substances has, in general, no effect on the accuracy of 
a titration. 

The accuracy of a volumetric determination does depend, 
however, upon three factors : 

(i) The purity of the reagent in the standard solution ; 

(ii) The accuracy of the measuring apparatus — burettes, 
pipettes, graduated flasks, etc. ; 

(iii) The sensitiveness of the indicator, if any, employed in 
the titration. 

It follows, therefore, that a reagent to be employed in 
making a standard solution must be as pure as possible, and, 
in any doubtful case, the substance must be repurified before 
use. The accuracy of the measuring vessels can always be 
tested ( see {jy h and the best indicator for the particular 
reaction must be chosen in accordance with the rules laid 
' down in §§ 9 and 144 . 

3. Classification of Methods in Volumetric Analysis. 
Although there are isolated methods which cannot be included 
in any exact classification, volumetric methods have, in 
general, been divided into three classes. This method of * 
classification is quite arbitrary and is based upon the type of 
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chemical reaction involved in the determination ; it is 
customary to recognize three such distinct types, viz. : 

(r) Methods based upon Acidimetry and Alkalimetry . This 
type of volumetric analysis is dealt with in Chapter II. 

( 2 ) Methods based upon Oxidation and Reduction. Examples 
of this type are : 

(a) The use of potassium permanganate as an oxidizing , 
agent in acid or alkaline solution (see Chapter III). < 
{b) The use of potassium dichromate as an oxidizing 
agent in acid solution (see Chapter IV). 

(c) The use of iodine, in potassium iodide solution, as an - 
indirect oxidizing agent (see Chapter V). ; 

( 3 ) Methods based upon Precipitation. Examples of this f 
type are the uses of (a) a silver nitrate solution in the deter- 
mination of soluble halides and alkali cyanides ; (6) ammonium I 
thiocyanate solution in the estimation of silver compounds, ( 
and in the indirect determination of soluble halides ; (c) sodium ) 

chloride solution in the estimation of soluble silver salts I 
(see Chapter VI). 

Direct and Indirect Methods 

Although the above classification, according to the type of 

chemical reaction, is general, it is better, perhaps, to divide 

ail methods of volumetric analysis into Direct and Indirect 
methods. 

The Direct Method 

In the direct method the determination is the result of a 
smgle chemical change in solution. For example : 

11 1. _ upon the equivalence of acids and 

alkalies such as the neutralization of sodium hydroxide by 
Hydrochloric acid in aqueous solution : 

NaOH + HC1 = NaCl + H 2 0 ; 
or, depicting the reaction between the respective ions : 

NaOH ^ Na + OH 
HC1 ^ci + H 
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In a similar manner, whenever an acid neutralizes a base, 
the electropositive hydrogen ions of the acid solution . unite 
quantitatively with the electronegative hydroxyl ion s of t he 
base solution to form water, which is only feebly dissociated. 
We, thus, determine directly the formation of water from its 
ions. 

(6) Simple cases of oxidation with potassium permanganate 
or potassium dichromate, in acid solution, also come under 
the heading of direct methods. For example, the oxidation 
of ferrous sulphate to the ferric condition by means of potas- 
sium permanganate, in the presence of sulphuric acid : 

2KMn0 4 + ioFeS 0 4 + 8 H 2 S 0 4 = K 2 S 0 4 + 2MnS0 4 + 

5Fe 2 (S0 4 ) 3 + 8 H 2 0 , 


or the oxidation of ferrous chloride to the ferric state by means 
of potassium dichromate in the presence of hydrochloric acid : 


K 2 Cr 2 0 7 + 6FeCl 2 + 14HCI = 2KCI + Cr 2 Cl 0 + 

6FeCl 3 + 7H 2 0. 

(c) Determinations based upon precipitation often belong 
to the direct method type of analysis. For example, the 
determination of sodium chloride in neutral solution by means 
of silver nitrate solution : 


NaCl + AgN 0 3 = AgCl + HNO a ; 
or, according to the ionic hypothesis : 



+ 

• — l 

NaCl ; 

i^Na + 

: ci j 

AgNQ 3 , 

-NO3 + 

I Agj 



jr 



AgCl 


Indirect Methods 

Indirect methods may be subdivided into two groups, viz. : 

( i ) Determinations in which one, or more, intermediate 
changes occur. 

For example : 

(a) The estimation of peroxides by distillation with con- 
centrated HC 1 and absorption of the evolved chlorine by 
excess potassium iodide solution. The iodine liberated in 
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this reaction is then estimated by titration with standard 
sodium thiosulphate solution, using starch solution as the 
indicator. Thus, in the case of manganese peroxide there 
are three distinct chemical actions : 


Mn0 2 + 4 HCI 
Cl 2 + 2 KI 
I 2 + 2 Na 2 S 2 0 3 


MnCl 2 + 2 H 2 0 + Cl 2 , 
2 KCI + I 2 , 

Na 2 S 4 O e + 2 NaI. 


(b) The estimation of ammonium salts by boiling with 
caustic alkali solution, absorbing the ammonia evolved in a 
known volume of standard acid, and then determining the 
excess acid by titration with standard alkali. In the case of 
ammonium chloride there are thus three separate reactions : 

NH 4 C1 + NaOH = NaCl + H 2 0 + NH~ 

2NH 3 + H a S0 4 =(NH 4 ) a S0 4 , 3 

H 2 S0 4 + 2 NaOH = Na 2 S0 4 + 2 H 2 0 . 

(excess) 

* g a 0 a « in which the substance to be deter mined 

is treated with excess of one standard reagent , and this excess is 
then determined by titration with a different standard reagent . 

For example : 

(a) The estimation of ammonium salts by boiling with a 
measured excess of standard alkali, and then titrating the 
residual alkali with standard acid. Thus, in the cafe of 
ammonium chloride, we have the two reactions : 

NH 4 C1 + NaOH = NaCl + H 2 0 + NH, 

2 NaOH + H 2 S0 4 = Na 2 S0 4 + 2 Hp. 

(excess) 

solntin^K de * e J mination of reducing agents in aqueous 

b y add ing excess of standard iodine solution and 
determining the excess iodine by titration with standard 

“f'™ TlL, in tlS’caTe h) d ™2 

sulphide in aqueous solution we have the reactions : g 

H 2 S + I 2 = 2 HI + S, 

(excest) 2Na2S2 ° 8 = N ^ S *°« + 2NaI - 

l note Sta * dard , Solutions. In volumetric analysis it is 
necessary to work with standard solutions, i.e. solufions that 

solution 4 AhT 11 r Clght °i f rCagent “ a definite volume of 

performed with =;of h +- a volumetnc determination could be 
pe rmed with solutions contammg any known weights of the 
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necessary reagents, it is much simpler and more efficient to 
employ solutions of a clearly defined standard strength. The 
common standard solutions used are percentage solutions, 
molar solutions, and normal solutions, and, of these, the last 
are the most convenient and the most widely used. . 

Percentage Solutions. The term percentage solution is self- 
explanatory. For example, a io per cent solution of NaCl 
contains io grams of NaCl per 100 grams (or c.c. if the 
solution is expressed in terms of volume) of the solution. 

Molar Solutions. A molar solution is one that contains 
one gram-molecule of the substance per litre of the solution. 
For example, a molar solution of hydrochloric acid is one that 
contains 36*5 grams of pure HC 1 per litre, and, similarly, a 
molar solution of sulphuric acid will contain 98*0 grams of 
H 2 S 0 4 per litre. 

Normal Solutions. A normal solution of any substance 
contains the gram-equivalent weight of the substance per 
litre of the solution. By the gram-equivalent weight of the 
substance is meant the amount of the substance which is 
equivalent to one gram of hydrogen, i.e. the chemical 
equivalent of the substance expressed in grams. 

For example, hydrochloric acid contains 1 gram of replace- 
able ' hydrogen in 36-5 grams of pure HC 1 , viz. : 

Zn + 2HCI = ZnCl 2 + H 2 
2 X 36-5 2 

Therefore the chemical equivalent of HC 1 is 36-5. Thus, a 
normal solution of HC 1 contains 36-5 grams of pure HC 1 per 
litre. This is exactly the same strength as a molar solution 

In the same way a normal solution of nitric acid is identical 
with a molar solution, since the molecule of HNO a contains 

one replaceable hydrogen atom. - 

Sulphuric acid, however, contains two replaceable hydrogen 
atoms to the molecule, and it follows, therefore, that the 
chemical equivalent of H 2 S 0 4 is exactly half the molecular 
weight of the pure acid, viz. : 

Zn + H 2 S 0 4 = ZnS 0 4 + H 2 
98 2 

Therefore the chemical equivalent of H 2 S 0 4 is 49. Thus, a 
normal solution of sulphuric acid contains 49-0 grams of pure 
H 2 S0 4 per litre, and is equivalent to a semi-molar solution 

of the same acid. 
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Acetic acid, C 2 H 4 0 2 , which has a structural formula 
CH3COOH, contains four hydrogen atoms in the molecule, 
but only the hydrogen atom in the COOH group is replace- 
able by metals ; therefore a normal solution of acetic acid 
will also be a molar solution. 

Oxalic acid , C 2 H 2 0 4 .2H 2 0, is dibasic, i.e. both its hydrogen 
atoms are replaceable by metals ; therefore a normal solution 
of oxalic acid is also a semi-molar solution. 


The Chemical Equivalent of a Base 

The chemical equivalent of a base is the amount of that 
base which will neutralize one gram-equivalent of a mono- 
basic acid. For example, since 1 molecule of NaOH will 
exactly neutralize 1 molecule of HC 1 , it follows that a 

normal solution of NaOH is the same as a molar solution 
Ihus : 

NaOH + HC 1 = NaCl + H 2 0 

40 36*5 


40 grams of NaOH =* 36-5 grams of HC 1 == 1 gram of 

hydrogen ; therefore a normal solution of sodium hydroxide 

contains 40 grams of NaOH per litre, and is thus a molar 
solution. 

JtS? S ^L manner, a normal solution of potassium 

13 also a molar solution, and contains 
50 grams of KOH per litre. 

A normal solution of barium hydroxide, Ba(OH)„ will be 
equivalent to a semi-molar solution, and will contain 85-5 
grams of Ba(OH) 2 per litre. 5 5 

\ftt\ZZZ arh ° nate ' Na2 S°2’ aIthou g h a salt, is alkaline 
in solution on account of hydrolysis (see § q), and since 

1 molecule of the carbonate is equivalent to 2 molecules of 
a monobasic acid, 

Na 2 C 0 3 -f 2HCI = 2NaCl + C 0 2 + H 2 0 , 
it follows that a normal solution of sodium carbonate is also 

of NarCO^per Idre 011 ' ^ theref ° re COntain 53 ° grams 


Decinormal and Centinormal Solutions 

J“y volumetric estimations it is more convenient an 
more accurate, to work with solutions weaker than norma 

* Equivalent to. 
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and, for such purposes, decinormal and centinormal solutions 
are frequently employed. A decinormal solution is, as its 
name denotes, a o-i normal solution, and, therefore, contains 
one-tenth of the gram-equivalent of the reagent per litre ; a 
centinormal solution is a o-oi normal solution, and contains 
one-hundredth of the gram-equivalent of the reagent per 
litre. In general, decinormal solutions are very widely used, 
though, in all cases, that standard solution which gives the 
sharpest ' end-point ' with the indicator should be employed. 

5. The Variation of Normality. We have seen that 
normality is dependent on the equivalent of a substance, 
and that it is related to the molecular weight of the substance ; 
but, whereas the molecular weight of a compound is a fixed 
magnitude, the equivalent, and consequently the normality, 
depends entirely on the reaction in which that compound 
takes part. This is analogous to those cases in which elements 
exhibit more than one valency ; for example, the atomic 
weight of phosphorus is an invariable quantity, namely, 31 ; 
but, in the compounds PH 3 and P 2 H 4 , the equivalent of 
phosphorus is 10-33 and 15-5 respectively. Thus the chemical 
equivalent of phosphorus is variable, and its magnitude 
depends upon the reaction in which the phosphorus takes 

^ The same principle applies to the chemical equivalents of 

compounds. For example : c .j- irn 

(j) (a) Sodium hydrogen sulphate reacts with sodium 

hydroxide according to the equation : 

NaHS 0 4 + NaOH = Na 2 S 0 4 + H 2 0 . 

For this reaction, then, the chemical equivalent of sodium 
hydrogen sulphate will be identical with the molecular 
weight, and a normal solution of sodium hydrogen sulphate 

will be a molar solution. , • m 

(b) Sodium hydrogen sulphate, however, reacts with banu 

chloride in the following way : 

NaHSO„ + BaCl 2 = NaCl + HC 1 + BaS 0 4 . 

Tn this case, since I molecule of barium chloride is equiva- 
lent to 2 molecules of NaOH, it follows that the chemical 
equivalent of sodium hydrogen sulphate is equal to ha ’ f *® 
molecular weight. For this reaction, therefore, a normal 
solution of sodium hydrogen sulphate will be a semi-molar 

^^fThe chemical equivalent of potassium permanganate 
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depends upon the way in which it is employed as an oxidizing 
agent. 

(а) In acid solution, two molecules of potassium per- 
manganate liberate Jive atoms of * available ’ oxygen. 

Therefore, 2KMn0 4 = 50= 10H, 

i.e. KMn 0 4 = 5H. 

Thus, when potassium permanganate is to be employed as an 
oxidizing agent in acid solution, a normal solution will contain 
one-fifth of the gram-molecular weight per litre. 

(б) When, however, potassium permanganate is used as an 
oxidizing agent in alkaline or neutral solution, two molecules 
of the permanganate liberate three atoms of * available ’ 
oxygen. 

Therefore, 2 KMn 0 4 =30 = 6 H, 

i.e. KMn 0 4 = 3H. 

Thus, when potassium permanganate is to be employed in 
alkaline (or neutral) solution, a normal solution will be 
equivalent to a one-third molar solution. 1 

(3) ( a ) Potassium hi-iodate reacts as an acid with alkalies, 
viz. : 

KH(I 0 3 ) 2 + KOH = 2KIO3 + H 2 0 . 

Thus, since one molecule of the bi-iodate is equivalent to one 
molecule of KOH, it follows that where potassium bi-iodate 
is to be employed as an acid a normal solution will be the 
same as a molar solution. 

(6) Potassium bi-iodate also reacts as an oxidizing agent, 
liberating iodine from potassium iodide solution in the 
presence of dilute acid : 

KH(I 0 3 ) 2 + 10KI + 11HCI = 61 2 + 11KCI + 6 H 2 0 . 

Here, KH(I 0 3 ) 2 = 12I EE 12H. 

Therefore, in this particular reaction, a normal solution 
of potassium bi-iodate would be a one-twelfth molar solution. 

It will be seen readily from the three typical cases studied 
above that normality is not fixed, but that it can vary, and 
that its value depends entirely upon the particular reaction 
m which the particular reagent is to be used. 

6. Calculation of Results when Using Normal 
Solutions. Suppose that a volume n x c.c. of a solution A 
require n 2 c.c. of a normal solution B to effect the colour 
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change with a certain indicator, then, the normality of the 
solution A, with respect to B, will be 

N x — (i) 

n i 

If the solution B were decinormal, then the normality of the 
solution A would be 


otN x - 2 (ii) 

The strength of the solution A, in grams per litre, would 
then be found by substituting the chemical equivalent of A 
in the particular reaction, for N in either (i) or (ii) according 
whether the solution B were normal or decinormal. 

For example, suppose that 20-0 c.c. of NaOH solution 
required, as a mean of three titrations, 25-0 c.c. of decinormal 
sulphuric acid for complete neutralization, then the normality 
of the NaOH solution is 


XT 2 5 

01N x — , 

20 

and, since the chemical equivalent of NaOH is 40*0, the 

strength of the alkaline solution is 4-0 X — , or 5*0 grams, 

20 

NaOH per litre. 

7. Errors in Volumetric Analysis. It was stated 
in § 2 that the accuracy of a volumetric determination depends 
upon the purity of the reagent employed, the sensitive- 
ness of the indicator, and the accuracy of the measuring 
vessels used in the determination. There are, however, 
several precautions which should be observed in any volu- 
metric estimation. The measuring vessels — burettes, pipettes, 
graduated flasks, etc. — should be thoroughly cleaned, and 
washed out with a little of the solution they are to contain. 
Moreover, in taking the reading of a burette where a rapid 
/■ titration has been necessary, the solution must be allowed to 
( drain down the sides of the burette before the volume of 
/ liquid is measured ; this is necessary since the volume of 
) liquid left on the walls of the vessel after a rapid titration 
/ may easily amount to o-2 c.c., and, if a fairly strong solution is 
being used, the error introduced would be comparatively 
< high. For the same reason, when using a pipette, the liquid 
( must be allowed to rim out slowly, so that the minimum 
/ amount of solution adheres to the sides ; the last drop of 
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liquid remaining in the pipette must be expelled, and this is 
best done by placing a finger over the top of the pipette and 
gently squeezing the glass bulb : the drop of liquid is then 
expelled by the expansion of the air in the pipette, 
t As a general rule it is preferable to work with decinormal 
solutions, since a slight error in reading the burette will not 
give so large an error in the result as when a normal solution 
had been used. It must be remembered, however, that the 
accuracy of an estimation also depends upon the sensitiveness 
of the indicator, and, in one or two cases, the ‘ end-point ' of 
the reaction is more definite with strong solutions. 

It must also be borne in mind that the accuracy of ordinary 
pipettes, burettes, etc., is generally of the order ± 0-5 per cent, 
and, if greater accuracy than this is required, it is necessary 
to calibrate the measuring vessels by filling them to their 
capacity with water and weighing the contents. This should 
be done at the temperature at which the instrument was 
originally graduated. In the case of a burette greater 
accuracy could be obtained by calibrating each cubic centi- 
metre and then plotting the errors in the form of a graph 
which can be referred to in every case where that particular 
burette is used. The actual weighing should be carried out 
only a little way beyond the degree of accuracy required in the 
burette. For example, in calibrating a burette graduated 
m tenths of cubic centimetres, it is pointless to weigh more 
accurately than to one milligram. 

A typical curve for the calibration of a burette is shown in 
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BURETTE READINGS IN C.C. 


Fig. i 

CALIBRATION CURVE FOR A BURETTE 


Care must also be taken in reading the volume of liquid 
in a burette to avoid error by parallax. The meniscus in 
aqueous solutions is curved downwards, and thus appears 
to nave an upper and a lower margin : the reading must 
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always be taken at the middle point of the lower margin, and, 
in taking the reading, the eye should always be on a level 
with the lower margin of the meniscus. In Fig. 2 it will 



Fig. 2 

PARALLAX ERROR 


be observed how incorrect readings are obtained if this 
precaution be neglected. 

In all cases where heat has been employed in order to 
prepare a standard solution, the solution must be allowed to 
cool to the temperature of the room before any determination 
is made with the solution. T his precau tion is very necessary 
since the thermal expansion~of liquids 7 s of compar ative ly 
large ma^Ttude.~ 

'~~ 8 . Concordant Results. In any titration a rough 
estimation should be made first of all in order to obtain an 
approximate idea of the volume of solution required. The 
titration should then be determined accurately, and this 
result repeated twice more, at least — the average value of 
these titrations being taken as the volume of solution required 
to complete the chemical reaction. These results should not 
differ by more than 0-2 c.c. at the very most — in fact, a 
difference of o-i c.c. is all that should be permitted — and, if 
any titration'Tie a£ alF doubtful f the experiment must be 
repeated until, at least, three concordant results have been 
obtained. In this way the margin of experimental error is 
considerably minimized, and it cannot be too strongly stressed 
that several concordant readings must be obtained in any 
volumetric estimation. 

In most cases of titration it is immaterial whether the 
standard solution or the solution of unknown strength be 
placed in the burette. It is generally more convenient for 
the calculations if the standard solution be run into a con- 
venient volume of the solution which has to be determined. 
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There are, however, one or two reactions in which the colour 
change of the indicator is more sharply defined if the titration 
is carried out in one particular direction ; for example, in 
titrating an iodine solution with standard sodium thio- 
sulphate solution it is better to run the thiosulphate solution 
into the iodine solution, and to add the indicator (starch 
solution) just before the colour of the iodine disappears. 
Again, when solutions of NaOH, KOH, and particularly 
Ba(OH) 2 are employed, these solutions should be placed in 
the burette, as they are liable to be affected by the atmo- 
spheric carbon dioxide ; by this precaution the surface area 
of the liquid exposed to the air is reduced to a minimum. 
Except for these special cases, however, it is unimportant 
which way the titration proceeds. 

9. Indicators, (a) Neutrality and Equivalence. It is 
important, at the outset, to recognize clearly the difference 
between Neutrality and Equivalence. It is found, for example, 
in titrating sodium carbonate with standard HCl that, using 
phenolphthalein as the indicator, the colour change occurs 
when the carbonate has been converted to the bicarbonate. 
An equivalent aynount of acid has beeyi added to the alkaline 
carbonate , but the carbonate has been only half -neutralized , viz. : 

Na 2 C0 3 + HCl = NaCl + NaHC0 3 . 

If, however, in the same titration, methyl orange is employed 
as the indicator, the colour change occurs when the decom- 
position of the carbonate is completed, viz. : 

Na 2 C0 3 + 2 HCI = 2 NaCl + C0 2 + H 2 0. 

Here, equivalence and neutrality coincide. 

Again, when titrating orthophosphoric acid with NaOH 
using methyl orange as indicator, the colour change occurs 
when one of the three replaceable hydrogen atoms in the acid 
molecule has been replaced by sodium, viz. : 

H 3 P0 4 + NaOH = NaH 2 P0 4 + H 2 0. 

Equivalence and neutrality are not identical here. 

same titration, if phenolphthalein is the indicator, 
the colour change occurs when two hydrogen atoms in the 
acid molecule have been replaced, viz. : 

H 8 P0 4 + zNaOH = Na 2 HP0 4 + 2H 2 0. 

Here, again , neutrality and equivalence are not identical. In 
fact, no satisfactory indicator has yet been found which will 
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denote the true neutralization point of orthophosphoric acid 
by a strong base. 

( b ) Can any indicator be used in titrating any acid and base ? 
We have just seen that the true function of an indicator is to 
show when an equivalent amount of acid or base has been 
added in a particular titration. The question at once arises : 
* Can any indicator be used in titrating any acid or base ? ' 
This can be answered experimentally in the following simple 
way. If we prepare solutions of various salts, the same 
concentration being obtained in each case, we have a series of 
solutions containing equivalent amounts of acid and base . We 
can then watch the effect of various indicators on the solutions. 



Litmus 

Phenol- 

phthalein 

Paranitro- 

phenol 

Methyl 

Orange 

N.NaCl 

Neutral 

♦Neutral ? 

Neutral 

Neutral 

N.KCN 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

N.NH 4 C1 

Slightly 

acid 

♦Acid (?) 

Neutral 

(approx.) 

Neutral 

(approx.) 

N.AICI3 

Acid 

♦Acid (?) 

Acid 

Neutral 

(approx.) 


Experiment. Prepare decinormal solutions (ioo c.c.) of the 
following salts : 

(a) NaCl (the salt of a strong base, NaOH, and a strong 
acid, HC1. We have, therefore, in solution, equivalent 

quantities of NaOH and HC1) ; . . , 

(b) KCN (the salt of a strong base, KOH, mid a weak acid, 

HCN. We thus obtain a solution containing equivalents 
of KOH and HCN) ; 

(c) NH^Cl (the salt of a weak base, NH 4 OH, and a strong 

♦Since Phenolphthalein is colourless in neutral and acid solution, it is 
impossible to say, from this experiment alone, whether the solutions are 

acidic or neutral. 
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acid, HC1. The solution contains, therefore, equivalent 
amounts of NH 4 OH and HC1) ; 

(d) AlCl s (the salt of a very weak base,. A1(0H) 3 , and a 
strong acid, HC1. We have, therefore, a solution containing 
equivalents amounts of A1(0H) 3 and HC1).. 

To 25 c.c. of each solution add one drop of litmus ; to a 
further 25 c.c. of each solution add one drop of phenol- 
phthalein ; then add one drop of paranitrophenol to 25 c.c. of 
each solution, and to the last 25 c.c. of each solution add one 
drop of methyl orange. 

In such an experiment the results shown in the Table on 
the opposite page were obtained. 

It will he noticed that , except in the case of NaCl, the various 
indicators employed do not indicate equivalence in every case 
although the solutions contain equivalent amounts of acid and 
base. We come to the conclusion , therefore , that any indicator 
will not give identical results in all titrations. The reasons for 

this are to he discovered in a study of the Hydrolysis of Salt 
solutions. 

THE HYDROLYSIS OF SALT SOLUTIONS 

(a) The salt of a strong acid and a strong base. We will 
consider the case of sodium chloride, the salt of a strong 
acid, HC1, and a strong base, NaOH. The salt is, therefore, 
highly dissociated in dilute solution into electropositive and 
electronegative ions, viz. : 

NaCl ^ Na + Cl ; 

but the solvent water is dissociated feebly into electropositive 
hydrogen ions and electronegative hydroxyl ions : 

H 2 0 % H + OH. 

The hydrogen ions from the water will combine with the 
chlorine ions to form HC1, but this, being a strong acid, is 

practically fully dissociated, so that the hydrogen ion concen- 
tration remains unaltered. 

Similarly, the NaOH, a strong base, formed by the union 

? iij ? 0 ™? 111 lons hydroxyl ions from the water, is 

ully dissociated, and the concentration of the hydroxyl ions 
remains unaltered. 

Thus, since the concentrations of hydrogen and hydroxyl 
ions are equal, and since acidity is due to hydrogen ions, and 
alkalinity to hydroxyl ions, the NaCl solution will be neutral. 



l6 


VOLUMETRIC ANALYSIS 


(6) The salt of a strong base and a weak acid. A solution of 
potassium cyanide, as we have seen in the preceding experi- 
ment, is not neutral towards the common indicators. The 
KCN, just like the NaCl, is highly dissociated into electro- 
positive and electronegative ions, and the water is slightly 

dissociated into hydrogen and hydroxyl ions. The H ions 

unite with the CN ions to form HCN, which, being a weak 
acid, is only feebly dissociated : 

KCN ^ K + 

H 2 0 % OH + 

jr 

HCN 

Thus, as the H and CN ions unite to form feebly dissociated 
HCN, more water molecules must dissociate to replace the 

H ions removed from the solution and restore the equilibrium 

H 2 0 *=? H + OH. 

Thus, when equilibrium is again attained, there is an excess 

of OH ions in the solution, and, consequently, the solution 
will give an alkaline reaction with suitable indicators. 

In the same way, alkaline carbonates undergo hydrolytic 

dissociation, and owing to the excess of OH ions in the 
solution, at equilibrium, give an alkaline reaction with 

most indicators, viz. : 

Na 2 C0 3 ^ Na + Na + 

2H 2 0 % OH + OH + 


(c) The salt of a weak base and a strong acid. In a manner 
analogous to that for the case of KCN, an aqueous solution 
of ammonium chloride, the salt of a weak base, NH 4 OH, and 
a strong acid, HC1, will give an acid reaction owing to the 

excess of H ions in the solution. The NH 4 ions unite with 


C0 3 

+ + 
H + H 


jr 

h 2 co 3 


CN 

+ 

H 
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the OH ions from the water to form NH 4 OH, which, being a 
weak base, is only feebly dissociated : 


+ C1 
+ H 

jr 

nh 4 oh 

Thus, as the OH ions are removed from the equilibrium by 

% + 

combination with the NH 4 ions, more water molecules will 

dissociate in order to restore the equilibrium H 2 0 ^ H + OH. 
Thus, when equilibrium is again attained, there is an excess 

of H ions in the solution which will give an acid reaction with 
suitable indicators. 

It will thus be seen that a study of the hydrolysis of salt 
solutions is of fundamental importance in the theory of 
indicators. This subject is treated more fully in Chapter X, 
but it will be obvious that one particular indicator may 
be suitable only for one, or more, special reactions. Brief 
accounts of the indicators in common use will be found in 
§ 142 and should be studied in conjunction with the rest of 
Chapter X. 

External Indicators. In many volumetric estimations it 
has been found convenient to employ an indicator apart from 
the reacting solutions. In the actual determination, a drop 
of the reacting solutions is removed on the end of a glass rod, 
at frequent intervals, and mixed with the indicator, which 
is generally placed in small, separate drops on a white tile. 
For example, potassium ferricyanide is employed as an 
external indicator in the estimation of iron in a ferrous salt, 

tu means standard potassium dichromate solution (see § 50). 
These external indicators are generally employed in deter- 
minations other than those involving acidimetric or alkali- 
metric methods, and, in consequence, the ' end-point ' is based 
almost entirely on a colour change which may, in some cases, 

if • m ^~P en ^ ent °f the degree of ionization of the solution, 
it is difficult, therefore, to formulate any general rules for the 
ehaviour of external indicators, and each particular case 

will be dealt with in the particular determination in which it 
is employed. 

2 


nh 4 ci ^ i nh 4 

H 2 0 % ; OH 



CHAPTER II 


ACIDIMETRY AND ALKALIMETRY 

io The first care in estimating solutions of acids and bases 
is to ensure that the standard solution used is pure and 
accurately prepared. The strengths of solution generally 
employed 7 are Normal or Decinormal, and the common 
reagents in acidimetry and alkalimetry are as follows : 

A c ids. — Hydrochloric, sulphuric, nitric ; and, less fre- 

Base7 — Sodium^ycSide, potassium hydroxide, sodium 
carbonate (which is alkaline in solution owing to 
hydrolytic dissociation), and, occasionally, baryta 
water (barium hydroxide solution). 

In preparing standard solutions of these reagents it is usual 
to choose one of them as the basis for the preparation of the 
others • the one frequently selected is sodium carbonate since 
f standard solution of this compound can be prepared with 
* Wh degree of accuracy. When the standard carbonate 
colvrHon h£ been made, a solution of sulphuric acid is then 
standardized with respect to the sodium carbonate ; from the 
add thu S prepared a solution of sodium hydroxide may be 
standardized, and so on until standard solutions of all the 
required reagents have been obtained. 

Ti Normal Sodium Carbonate. Sodium carbonate is 
alkaline in solution on account of hydrolysis and reacts wit 
adds hberating carbon dioxide and water (For the explana- 
tion of the hydrolytic dissociation, see § 9 ). 

In the case of hydrochloric acid, the reaction is . 

Na 2 C0 3 + 2 HCI = 2 NaCl + C0 2 + H 2 0 ; 

or, according to the ionic hypothesis . 


Na 2 C0 3 

2 HCI 


Na + Na + 
Cl + Cl + 



H 2 C0 3 ^ C0 2 + HgO. 
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Here, Na 2 C0 3 = 2HCI ^ 2H. 

Therefore, 106 grams of Na 2 C0 3 e= 2 grams of H ; i.e. the 

chemical equivalent of Na 2 C0 3 is — , or 53. 

2 


Thus, a normal solution of sodium carbonate will be a 
semi-molar solution and will contain 53 grams of the pure, 
anhydrous salt per litre. 

The salt is best obtained in a state of purity by heating 
pure, recrystallized sodium bicarbonate (as this substance has 
only a slight solubility in water it can be easily purified by 
recrystallization) . The salt must not be allowed to fuse, but 
should be heated at dull red heat for about twenty minutes * 
it should be cooled in the desiccator, weighed, and then heated 
for short intervals, and the cooling and weighing repeated 
until a constant weight is obtained; this ensures the complete 
decomposition of the bicarbonate according to the equation : 


2NaJHC0 3 = Na 2 C0 3 + H z O + C0 2 . 

In preparing a normal solution of Na 2 C0 3 it is found 
convenient to take about 85 grams of sodium bicarbonate ; 
this should yield on heating about 54*5 grams of the normal 
carbonate. This anhydrous carbonate is then weighed 
accurately, dissolved in distilled water, and made up to the 
required volume for accurate normal strength. 

For example, suppose that 54*325 grams of the carbonate 
were dissolved in about 500 c.c. of distilled water, the correct 
volume would be calculated as follows : 

53'0 grams of Na 2 C0 3 are contained in 1000 c.c. of normal 
solution ; 


54*325 grams of Na 2 C0 3 are contained in - QQ x 54*325 


53 


or 1025 c.c. of normal solution. 

The 5°o c.c. of solution would be made up to 102s c c with 

distdled water, and would, then, be accurately no^nal A 

solution of o-iN-Na 2 C0 3 could be easily obtained by measur- - 

non ” 1 “ d dd “ i »e MW IT 


12 . 


Normal Sulphuric Acid. Ordindiy strong sulphuri. 

about 92% of pure HgS&U*, and rfact S P — 

equatic 


wit! 


j. , /o a 

sodium carbonate according to the eq^n : 

H 2 S0 4 + Na,CO a = Na 2 S0 4 ^ C0^4-*H J) ; 
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or, depicting the reactions to be between the respective ions 


H 2 S0 4 


NaoCO 



Here, 


+ hso 4 

Jr = 

+ so 4 

+ Na + Na 


H 2 C0 3 ^ h 2 o + co 2 . 

H 2 S0 4 = 2 H. 


98 


Therefore, the chemical equivalent of H 2 S 0 4 is ~ , or 49. 

Thus a normal solution of sulphuric acid will be a semi-molar 
solution, and will contain 49 grams of pure H 2 S 0 4 per litre. 

The specific gravity of ordinary concentrated sulphuric acid 
is 1-84, so 49 grams of the strong acid will have a volume of 

To prepare a normal solution of H 2 S 0 4 , 30 c.c. of the strong 
acid are carefully added to a sufficient excess of distilled 
water the solution is allowed to cool to the temperature of 
The room and then made up to one litre.' This solution is 
thus slightly stronger than normal, and it is then titrate 
with’ the normal sodium carbonate solution, using one drop of 
methyl orange as indicator. Three concordant results are 
obtained and the amount of water required to be added to the 
acid solution to make it accurately normal is then calculated 

For example, suppose that, as a mean of three titratio , 
2a c c of the sulphuric acid solution were required to neutralize 
exactiy 25 c.c. of the N.Na 2 CO a solution. Then, since a given 
volume of a normal base is equivalent to exactly the same 
volume of a normal acid, it follows that 2 c.c. of water must 
be added to every 23 c.c. of the sulphuric acid solution t 
make it accurately normal ; or, expressing this result in a 
more convenient form, 1 litre of the acid solution will require 
the addition of 87 c.c. of distilled water to bring it to accurately 

"TdednomS' solution of H 2 S 0 4 can then be prepared by 
taking 100 c.c. of the normal solution and diluting it to 

1 litre with distilled water. 

„ normal Sodium Hydroxide, and Normal Potas- 
sium Hydroxide. Sodium hydroxide reacts with sulphuric 

acid according to the equation : „ Q . 

H 2 S 0 4 + 2NaOH = Na 2 S(J 4 + 2li 2 u , 
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or, depicted in terms of ions : 


H 2 S 0 4 


2NaOH 


+ 

H 


+ 

H 


+ HS 0 4 

1 = 

■. + so 4 


OH + OH . + Na + Na 

ft 


Here, 


2 H 


jr 

2 H 2 0 

2NaOH = H 2 S 0 4 
i-e. NaOH = H. 

Thus, the chemical equivalent of NaOH is the same value 
as the molecular weight he. 40, and, consequently, a normal 
solution of the alkali will be a molar solution and will contain 
40 grams of pure NaOH per litre. 

As the purest commercial caustic soda seldom contains 

more than 98% NaOH, it is best to take about 43 grams of 

the pure, stick sodium hydroxide, dissolve it in distilled 

water and then make up the solution to 1 litre. This can 

then be titrated with the normal sulphuric acid using litmus 

as indicator, and the volume of water which must be added 

to make the solution accurately normal can then be calculated 
in the same way as before ; e.g. : 

N w cn y ' “ - a mean of three titrations, 25-0 c.c. of the 

ne'ntr?^t eqUlr .l 23 ' 5 CX ' ° f *2“ Na0H solu tion for complete 
neutralization, then 1-5 c.c. of distilled water must be added 

23 5 £ C ‘ ° f the alkaline solution to make it accurately 

sohSon l e ‘ 64 C C ' mUSt be added to 1 Htre of the NaOH 

react “f 1 " 2 * ^k? 1163 of potassium hydroxide 

equation^ ° lecule of sul P hun c acid according to the 

2KOH + H 2 S 0 4 = K 2 S 0 4 + 2 H 2 0 ; 
or. 


H 2 S0 4 ^ / H 

+ hso 4 

# 

# 

+ 

jr _ 

H 

0 

# 

+ so 4 

• w 

2 KOH ^ /oh + OH 

$ 

• + + 
+ K + K 

jr 


2H 2 0 
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2H; 


2KOH = h 2 so 4 = 

KOH = H. 

Thus, the chemical equivalent of KOH is also the same 
value as the molecular weight, and a normal solution of the 
alkali will be a molar solution, and will contain 56 grams of 
pure KOH per litre. 

In preparing the normal solution the same method will be 
employed : a solution of KOH slightly stronger than normal 
(say 60 grams of the pure, stick KOH dissolved in 1 litre 
of water) will be made up, titrated with N.H 2 S 0 4 , using 
litmus as indicator, and the volume of water which must be 
added to 1 litre of the alkaline solution to make it accurately 
normal calculated as before. 

14. Normal Nitric Acid. Nitric acid reacts with 
sodium hydroxide according to the equation : 

HNOo + NaOH = NaN 0 3 + H 2 0 ; 


or, 


Here, 


hno 3 ^ 

: + 

-i H 

+ NO3 

NaOH 

i : OH 

+ Na 


1L 

h 2 o 


HN 0 3 = 

e NaOH = H. 


Therefore the chemical equivalent ui u ^ 3 « 
the molecular weight, and a normal solution of the acid will 

be a molar solution containing 63 grams of pure HNO a per 


litre. 


In preparing the normal solution, the same procedure is 
observed a folution of nitric acid slightly stronger than 
normal is prepared (as ordinary strong nitric acid of specific 
gravity 1-42 contains about 70% pure HNO3, it is advisable 
to make up about 95 grams (67 c.c., S.G. 1-42) of the ordinary 
strong nitnc acid to 1 litre). Aliquot portions of this solu- 
tion are then titrated with normal NaOH, using litmus as 
indicator, and the acid is then standardized as m the preceding 


cases. 


T - Normal Hydrochloric Acid. It is obvious that, 
since' hydrochloric acid reacts with sodium hydroxide accord- 
to|! ,0 the equetion^ + ^ ^ + ^ . 
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or, expressing the reaction in terms of ions : 


NaOH ^ Na + 


HC 1 


Cl + 



tnat a nonnal solution of HC 1 will be a molar solution, and will 

3 t 5 gram ! l of pure HC1 per Iitre - A solution of HC1 

w.th normal NaOH, and diluted to the cakulSS US to 
S t °t mak V accurately normal. (As ordinaiy strong 

S 2 i S/ Hfi f+ PeC1 i C f a + vity ]' 16 seldom contains more 

than 3 % HC 1, it is best to make up about 125 grams— 
108 c.c.— of strong acid to 1 litre for the preliminary solution.) 

Acid ^, E ™° d . s ° f Standardizing Hydrochloric 

Acid. It was stated m § 10 that, in preparing standard 
solutions of acids and bases, it is usual to choose one that 

s^nHbr ( ? lade fK P Wlth a great degree of accuracy and then 
standardize other reagents with respect to that solution 

i hl the stoiSd °and C > aVe f0ll ° W ,? d ' T ing sodium carbonate 
as tne standard, and it is generally the best method. It is 

HH anH? ma ^’ . h ° W ?r r l t0 Prepare a standard solution of 
solutions There f he baS / S f ° r ™ akin S the other standard 
and details of these methods aregiven below d ° ne< 

Icdin?' S? iiZa ?i° n ° f ? Cl by means °f Icel «nd Spar 

hnn^e d Sp fV purest - crystalhne form of calcium car- 
the n equa«on? ”** Wdh h y drocld °ric acid according to 

C i“’ + 2 - ClC1 - + CO > + H -° 

• ** ™ iU be seen that, Since the molecular weight of CaCO 
of N HQ fn?™ ? f P T CaC °3 wiU require exactly 2 htS 

“i S B 

hn.il the macthj ls 
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a short time to expel any dissolved C 0 2 , small amounts of 
distilled water being added to balance loss by evaporation 
during the heating and thus prevent undue concentration. 
The solution, which should be quite clear, is then carefully 
decanted, and the beaker and the residual Iceland Spar 
washed several times with distilled water, and finally dried 
at a temperature of no° C. in an air oven ; the beaker is 
then weighed. The loss in weight represents the amount of 
Iceland Spar required to neutralize the given volume of HC 1 , 
and the acid solution can then be standardized. For 

Suppose 20 c.c. of the HC 1 solution were taken, and that 
the weight of Iceland Spar converted into calcium chloride 

was i-6o grams. . , , A f 

Then, i-6o grams of CaC 0 3 are equivalent to 20 c.c. of 

HC 1 solution, 

20 

1 gram of CaC 0 3 is equivalent to or I2 '5 cc * 


of HC 1 . 

Thus, since i gram of CaC 0 3 will neutralize exactly 20 c.c 
of N.HC 1 , it follows that 20 — 12-5, or 7-5 c.c., of distilled 
water must be added to every 12-5 c.c. of the acid solution 
to make it accurately normal ; i.e. 600 c.c. of water must be 
added to i litre of the HC 1 solution. 

(b) Standardization of HCl by the Constant Boiling Solution 
Method When hydrogen chloride is dissolved in water it 
does not obey Henry’s Law, for its solubility in water is by 
no means proportional to the pressure ; the r ea son bemg that 
a change in the compound has occurred m virtue of which it 
is dissociated into free hydrogen and chlorine ions. When a 
concentrated solution of hydrochloric acid is boiled, gaseous 
HCl is given off unchanged until the temperature caches 
iio° C„ when the acid distils over unchanged and the di 
tillate contains 8 molecules of H 2 0 to 1 molecule oi HC , 
corresponding to a 20-2% solution. Moreover, when a dilute 
SS of hydrochloric acid is boM, w. er 
until the temperature reaches no U, when tne : solution 

f iStUS “eauence" 

acid^°a 20-2% solution of HQ is obtained, and this can then 
be diluted to the desired strength. 

( C ) The Gaseous HCl Method of Standardization. A veig 
accurate method of preparing a standard solution of HC 
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to take a known weight of distilled water, pass into it pure, 
dry hydrogen chloride, and then weigh the amount of gas 
absorbed. The strength of the solution thus obtained may 
be expressed as a percentage, and diluted to any required 
strength. 


TYPICAL VOLUMETRIC DETERMINATIONS 


17. The manner of determining the strength of any simple 
acid or alkaline solution by means of a base or acid of known 
strength will now be quite familiar, and we can apply these 
methods to more complex estimations. 


TO DETERMINE THE NUMBER OF MOLECULES OF WATER 
OF CRYSTALLIZATION IN HYDRATED SODIUM CAR- 
BONATE 


About 250 c.c. of approximately 3% sodium carbonate 
solution are prepared, the crystals being weighed accurately 
and made up to the required volume in a graduated flask. 
Aliquot portions of this solution are then titrated with 
o-iN.HCl, using methyl orange as indicator ; several con- 
cordant results are obtained and the weight of pure anhydrous 
Na 2 C 0 3 per litre of solution calculated in the usual way. The 
number of molecules of water of crystallization in the hydrated 
carbonate can then be determined in the following manner : 

Let be the weight of hydrated Na 2 C 0 3 in one litre of 
solution, and let m 2 be the weight of anhydrous Na 2 C 0 3 per 
litre, as determined by the titration with o-iN.HCl. 


Then, 


Molecular weight of hydrated salt _ tn x 
Molecular weight of anhydrous salt — m 2 ’ 


Na 2 CQ 3 .* H 2 0 iyi j 

Na 2 C 0 3 * m 2 ' 


or, 106 -f- 18* Wj 

iq 6 .... 

where x represents the number of molecules of water of 
crystallization associated with one molecule of Na 2 C 0 3 . 

For example, in an experiment, 179 grams of hydrated salt 
were made up, after solution in distilled water, to 250 c.c. 

Thus 1 litre of the solution contained 1*79 x 4 or 7*16 
grams of the hydrated salt. 


25 c.c. of the solution were exactly neutralized by 12-5 c.c. 
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of o-iN.HCl, thus, the normality of the carbonate solution is 

J2 #| ! 

o-iN. x — - , or o-o5N. 

25 D 

Therefore 1 litre of this solution will contain 53 x 0*05, or 
2-65 grams of Na 2 C 0 3 . 

Substituting for m 1 and tn 2 , we have 

106 4- 18* _ 2-65 

106 — 7-16 * * 

i.e. x = 10. 

Therefore, the formula of hydrated sodium carbonate is 
Na 2 C 0 3 , ioH 2 0 . 

18. To Determine the Strength of a Solution of 
Barium Chloride. The strength of a solution of barium 
chloride, and of any other soluble metallic salt which forms 
an insoluble carbonate, may be readily determined by adding 
a known excess of sodium carbonate solution (standard) to 
precipitate all the metal as carbonate, and then titrating the 
residual sodium carbonate with standard acid. 

The reaction is as follows : 


+ Cl + Cl 
+ Na 4- Na 

1 

BaC 0 3 

Method. To 25 c.c. of the solution of barium chloride is 
added more than sufficient o-iN.Na 2 C 0 3 than would be 
required to precipitate all the barium as carbonate (say 
* c.c. of o-iN.Na 2 C 0 3 ). The solution is then stirred 
thoroughly, filtered, and washed with distilled water ; the 
combined filtrate and washings are then titrated with standard 
acid, using methyl orange as the indicator. (It is preferable 
to make up the combined filtrate and washings to a con- 
venient volume, and to titrate aliquot portions of this 
solution.) 

Let the number of c.c. of standard acid (decinormal, of 
course) required to neutralize the excess Na 2 C 0 3 in 25 c.c. of 

the solution, be y. . 

Then the volume of o-iN.Na 2 C 0 3 used in precipitating the 

barium as carbonate is (x — y) c.c. 

Then, Na 2 C 0 3 = BaCl 2 . 


BaCl 


NaoCO 
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Therefore, 106 grams of Na 2 C 0 3 are equivalent to 208 grams 
of BaCl 2 . 

Therefore, 53 grams of Na 2 C 0 3 are equivalent to 104 grams 
of BaCl 2 . 

Therefore 1 litre of OTN.Na 2 C 0 3 is equivalent to 10*4 grams 
of BaCl 2 . 

Therefore (x — y) c.c. of o*iN.Na 2 C 0 3 are equivalent to 
0*0104 ( x — y) grams BaCl 2 . 

Thus, 25 c.c. of the BaCl 2 solution contain 0*0104 (x — y) 
grams of BaCl 2 , and the strength of the solution can then be 
expressed in grams per c.c. or in grams per litre. 

19. To Determine the Strength of a Solution of 
Copper Sulphate. In this case the principle is the same as 
in the previous determination. A known excess of standard 
NaOH is used to precipitate all the copper as hydroxide, and 
the residual NaOH is titrated with standard acid. The 
reaction is represented by the equation : 


+ so 4 

+ Na + Na 

I 

Cu(OH) 2 

The calculation proceeds on the same lines as in the case of 
barium chloride. 

Thus, if x c.c. of o*iN.NaOH are added to 23 c.c. of the 
CuS 0 4 solution and y c.c. of o-iN. acid are required to 
neutralize the excess NaOH, then the volume of o-iN.NaOH 
required to precipitate all the copper as hydroxide is (x—y) c.c. 

Then, since 2NaOH = CuS 0 4 . 

it follows that i litre of o-iN.NaOH is equivalent to - 6 ' 0 or 

2 * 

8*o grams, of copper sulphate. 

Therefore, ( *- y) c.c. of o-iN.NaOH = 0.008 (x - y) 

grams of CuS 0 4 , which will be contained in 25 c.c. of the 
copper sulphate solution. 

2 °- The Determination of the Chemical Equivalent 
of a Metal. If a metal is soluble in an acid, its equivalent 
weight may be determined accurately by dissolving the metal 
m a measured excess of standard acid, and then titrating the 


CuS 0 4 ^ i Cu 
2NaOH ^ j OH + OH 
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residual acid. The difference between the total acid and 
the residual acid is the amount of acid used in dissolving the 
given weight of the metal, the equivalent of which is then 
calculated. 

For example, to determine the chemical equivalent of 
magnesium, the procedure would be as follows : 

About o*4 gram of thoroughly cleaned magnesium ribbon 
is weighed accurately and dissolved in exactly ioo c.c. of 
normal sulphuric acid. The magnesium dissolves in part of 
the acid, forming magnesium sulphate and hydrogen according 
to the equation : 

Mg + H 2 S 0 4 = MgS 0 4 + H 2 . 

The residual acid is then titrated with normal NaOH, using 
litmus as the indicator. 

Suppose that * c.c. of N.NaOH are required to neutralize 
the residual acid, then (ioo — x) c.c. of N.H 2 S 0 4 have been 
used in reacting with the known weight of magnesium. 
Since the chemical equivalent of H 2 S 0 4 is half the molecular 
weight, i.e. 49, the weight of magnesium which will react 
with the equivalent weight of H 2 S 0 4 (i.e. 1 litre of normal 

acid) can be easily calculated. . 

This volumetric method of determining the chemical 
equivalent of a metal can be employed with zinc, aluminium, 
tin, and iron, using either normal HC 1 or H 2 S 0 4 . The 
method might be employed with copper and normal HNO a , 
though, in this case, the blue colour of the copper nitrate 
formed' in the reaction would render the change of colour 
of the indicator rather difficult to detect accurately when 

titrating the residual acid. 


21. The Determination of the Chemical Equivalent 
of an Insoluble Base. The chemical equivalents of 
insoluble bases such as ZnO, MgO, CuO, etc., may be accur- 
ately determined in a similar manner by dissolving a known 
weight of the base in a given volume of standard acid, deter- 
mining the residual acid with standard sodium hydroxide 
using litmus as the indicator, and then calculating the weight 
of insoluble base which has been neutralized by the equivalen 

^For 1 example, the chemical equivalent of zinc oxide would 

be Ab»ri“ 'of to oxide U weighed acutely and 

treated with exactly 100 c.c. of normal hydrochloric acid 
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(this being the acid in which zinc oxide dissolves most readily) . 
When the reaction 

ZnO + 2HCI = ZnCl 2 + H a O 

has been completed, the excess acid is titrated with normal 
caustic soda, using litmus as the indicator. 

Suppose the mean of three concordant titrations gives % 
c.c. of N.NaOH as the volume required to neutralize the 
excess acid, then (100 — x) c.c. of N.HC 1 have been used in 
neutralizing the known weight of base. The weight of base 
which will react with the chemical equivalent of HC 1 (36-5 
grams) can then be deduced. 

22. The Determination of a Mixture of Sodium 
Carbonate and Bicarbonate. The method is based upon 
the fact that sodium carbonate when titrated with acids 
behaves differently with phenolphthalein than is expected. 

When phenolphthalein is the indicator ‘ equivalence ' is 
indicated when the carbonate has all been converted to the 
bicarbonate : 

Na 2 C 0 3 + HC 1 = NaCl + NaHC 0 3 . 

When, however, methyl orange is the indicator, * equi- 
valence ' is indicated when the carbonate has been completely 
decomposed into carbon dioxide and water : 

Na 2 C 0 3 + 2HCI = 2NaCl + C 0 2 + H 2 0 . 

Method. A known weight of the mixture is dissolved in 
distilled water and diluted to a suitable volume. Aliquot 
portions of the solution are titrated with o-iN.HCl in the 
presence of phenolphthalein, the acid being run in from 
the burette until the pink colour of the phenolphthalein is 
discharged. Suppose that the mean volume of 01N.HCI 
required to effect this is x c.c. : 

One drop of methyl orange is then added to the solution 
3.11(1 the titration continued until the end-point of the reaction 
is indicated by the colour change of the methyl orange. 
Suppose the mean volume of 01N.HCI required to be y c.c. : 

Then, since x c.c. of acid are required to turn all the 
carbonate into bicarbonate, the amount of sodium carbonate 
in the solution will be represented by 2* c.c. of o-iN.HCl. 

The total alkali in the solution will be represented by 

(x 4- y) c.c. of o-iN.HCl. 

Therefore, the bicarbonate will be represented by 
(*+y — 2*), or (y - *) c.c. of o-iN.HCl. 
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For example, suppose that 9*08 grams of the mixture were 
made up to 1 litre with distilled water, and that 50 c.c. of this 
solution required, as a mean of three titrations, 23*0 c.c. of 
otN.HCI to indicate ' equivalence ’ with the phenolphthalein, 
and an addition of a further 48-0 c.c. of the same acid to 
effect the colour change with the methyl orange : 

Then the amount of Na 2 C 0 3 in 50 c.c. of the solution will 
be represented by (23*0 X 2), or 46*0 c.c., of otN.HCI. 

Now 1 litre of o-iN.HCl is equivalent to 5.3 grams of Na 2 C 0 3 . 
Therefore 46-0 c.c. of o-iN.HCl is equivalent to 0-0053 X 46, 
or 0-244 gram Na 2 C 0 3 . 

Similarly 1 litre of o-iN.HCl is equivalent to 8-4 grams of 
NaHC 0 3 , 

Therefore 25-0 c.c. of o-iN.HCl is equivalent to 0-0084 X 
(48 — 23), or 0'2i grams of NaHC 0 3 . 

Thus, 1 litre of the alkaline solution contains 0-244 X 20, 
or 4-88 grams, of Na 2 C 0 3 , and 0-21 X 20, or 4-20 grams of 

NaHC 0 3 . , , 

The composition of the mixture may also be expressed as a 

percentage if desired. 


23. The Estimation of Caustic Soda and Sodium 
Carbonate in Soda Ash. The percentage composition of 
soda ash, or of any mixture of caustic soda and sodium 
carbonate, may also be determined by making use of the 
behaviour of sodium carbonate toward phenolphthalein and 


methyl orange. 

Method. A quantity of the soda ash is weighed accurately, 
dissolved in water, and diluted to suitable volume. Aliquot 
portions of the solution are titrated with N.HC 1 in the presence 
of phenolphthalein, ‘ equivalence ’ being indicated when the 
sodium hydroxide has been completely neutralized and the 
sodium carbonate ah converted into the bicarbonate according 

to the reactions : 

(a) NaOH + HC 1 = NaCl + H 2 0 , 

(b) Na 2 C 0 3 + HC 1 = NaCl + NaHC 0 3 . 

Let the mean volume of N.HC 1 required to effect these two 

Ch One e drop^of methyl orange is then added to the solution 
and the titration is continued until ‘ equivalence is indicated. 
Let the mean volume of N.HC 1 required for this final titratio 

be 'f^.. C ' C 'fh 0 tntal alkali will be represented by (x+y) c.c. 
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of N.HC 1 , and, since y c.c. of the acid were required to 
neutralize the sodium bicarbonate, it follows that 2y c.c. of 
N.HC 1 will represent the amount of sodium carbonate in the 
solution. Therefore, the NaOH will be represented by 
(* + y — 2 y) or (x — y) c.c. of N.HC 1 . 

For example, in an experiment 87-5 c.c. of N.HC 1 were 
required to discharge the pink colour of phenolphthalein 
for 50 c.c. of a soda ash solution containing a known weight 
of the mixture. An additional n-o c.c. of N.HC 1 were 
required to indicate neutrality with methyl orange. 

Then the amount of NaOH is equivalent to (87-5 — n) or 
76-5 c.c. of N.HC 1 . h 

.*. since 1 litre of N.HC 1 is equivalent to 40 grams of NaOH, 
76^5 cxof N.HC 1 is equivalent to 0-04 x 76*5, or 306 gram 

Similarly, the amount of Na 2 C 0 3 is equivalent to (2x11-0) 

or 22*o c.c. N.HC 1 , and 1 litre of N.HC 1 is equivalent to 
53 grams of Na 2 C 0 3 . 

. . 22-o c.c. of N.HC 1 is equivalent to 0-053 x 22-0 or 
11 66 grams of Na 2 C 0 3 . 

The percentage composition of the mixture may then be 
obtained in the usual way. 


24. The Determination of Two Acids in a Mixture 
when THE Total Amount of Acid is Known. This 
estimation depends upon the difference between the chemical 
equivalents of the two acids, and the greater that difference 
is the higher is the degree of accuracy of the determination. 

Suppose that it is required to determine the proportions of 
nitric and hydrochloric acids in a solution containing a known 
weight of the total acid. Aliquot portions of the solution 
are titrated with standard alkali, litmus being used as the 
indicator, and the mean volume of the standard alkali required 
to effect complete neutralization obtained. 

The proportions of HC 1 and HN 0 3 respectively in the 
solution are then calculated as follows : 

L e t * be the weight of HN 0 3 in i litre of the solution, and 

ThPn fh bG the . we ;g h t of HC 1 in 1 litre of the solution. 
1 hen the amounts of each acid are obtained from the following 

simultaneous equations, using NaOH as the standard alkali : 

* +y = Wl («) 


4 °* , 40 V _ 


63 365 


W 
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where m 1 denotes the weight of the mixed acids in i litre of 
the original solution, and tn 2 the weight of NaOH required to 
neutralize i litre of the acid solution (determined by the 
titration). In (6) 40, 63, and 36*5 are the chemical equivalents 
of NaOH, HN 0 3 , and HC 1 respectively. 

For example, suppose that the total acid in a solution 
containing a mixture of HN 0 3 , and HC 1 is io-o grams per litre, 
and that 25 c.c. of this solution need a mean titration of 
51-0 c.c. of decinormal NaOH for complete neutralization. 

Then 1 litre of the acid solution is equivalent to 5 i*o X 40 , 
or 2040 c.c. of o-iN.NaOH ; i.e. 40 X 2-04, or 8-i6 grams of 
NaOH. 

Then x + y = 10 (a) 


From which 


40* | 40 y 

63 ^ 36-5 


8-i6 


x = 6-o8, y — 3-92. 





Therefore, the acid solution contains 6-o8 grams of HN 0 3 , 
and 3-92 grams of HCl per litre. 

This method can be employed with other acids, but it must 
be remembered that the chemical equivalents of the acids in 
question must not be too near each other in value, as the error 
in the calculation of results increases as the equivalent weights 
of the acids used approach each other. 


25. To Determine the Amounts of Caustic Soda and 
Caustic Potash in a Mixture when the Total Alkali 
is Known. In this determination the procedure is similar 
to that of the previous experiment, standard acid being used 
to determine the total alkali solution, and the respective 
amounts of each base calculated in the same way. Using 
standard HCl as the titrating acid, the determination would 
be calculated from the simultaneous equations : 

x + y= m x (a) 

36:5* + 36 1* (b) 

40 ^ 56 2 


where x and y are the weights of NaOH and KOH respectively 
in 1 litre of the alkali solution : m x is the weight of total 
alkali per litre of solution, and m 2 is the weight of HCl required 
to neutralize 1 litre of the alkaline solution (determined by 

titration with litmus as indicator). 

For example, suppose that a solution of NaOH and KOH 
containing 9*60 grams of total alkali per litre were titrated 
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with o-iN.HCl, 25 c.c. of which required 12*3 c.c. of the 
alkaline solution for complete neutralization : 

Then 1 litre of the alkaline solution is equivalent to 
1000 

2 5 X — . or 2032-5 c.c., of o-iN.HCl ; i.e. 3-65 x 2-0325, 
or 7-42 grams, of HC 1 . 


Then 


From which 


3 6 - 5 * 

40 


+ 


x + y = 9-60 

36 * 5 ^ 


56 


= 7*42 


x = 4*46, y = 5-14 


(a) 

(*) 


^orefore, the alkaline solution contains 4-46 prams of 
NaOH, and 5-74 grams of KOH per litre . 


26. To Determine the Amounts of Sodium Carbonate 
and Potassium Carbonate in a Mixture, the Total 
Carbonate being Known. In this determination, again, 
the same method, based upon the difference in equivalents 
ot the two carbonates, is employed. Decinormal H 2 S 0 4 can 
be used for the titration in the presence of methyl orange. 

1 he simultaneous equations for calculating the respective 
amounts of each carbonate in the mixture would be : 


x y = m x 


19 * 49 y 
53 69 


m 


(b) 


where x and \ y are the weights of Na.CO. and K,CO, resDec- 
tively in 1 litre of the alkaline solution ; m 1 the weight of 
total carbonate in i litre of the solution, and m 2 the wei|ht of 

req f ed to neutralize i litre of the carbonate solution 
K^cS 9 ; and H 4 2 1 oT res P ective equivalents of Na 2 C0 3 , 


?7- The Determination of Borax. Borax Na B o 

acS'Sv^oWi 1116 S* ° f a Str ° ng base ( NaOH ) and l wSk 

bv hW f h 7u^ lyS1 , S - rt ma y be determined, therefore 

mdicaS ^ei^ ^l HC1 ,’ Using methyl oran g e as the 
cucator. The reaction takes place according to the equation: 

It wmh 7 ' 1011 *^ 2 ? CI = 2NaCI + 4H3BO3 + 5 H 2 0 . 

reaction 1 but^ ^ orth °- b oric acid is formed in the 
feeblv aH^R fiethyl orange is a fairly strong base, the 
3 y character of the ortho-boric acid will have no effect 
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on the indicator, or, at any rate, not to any measurable 
extent (see § 142). 

In this reaction 

Na 2 B 4 0 7 .ioH 2 0 = 2HCI = 2H. 

• 382 

Therefore the chemical equivalent of hydrated borax is— , 

Z 

or 191 ; and 1 litre of o-iN.HCl will be equivalent to 19*1 
grams of Na 2 B 4 0 7 .ioH 2 0 . 

For example, in an experiment 4*20 grams of crude borax 
were dissolved in water and diluted to 250 c.c. As a mean of 
three titrations, 25 c.c. of this solution required 20-5 c.c. of 
o-iN.HCl to effect a colour change with methyl orange. 

Then, 1 litre of o-iN.HCl = 19*1 grams of Na 2 B 4 0 7 .ioH 2 0 , 

20'S 

20-5 c.c. ,, ,, ,, = 19*1 X r-rrr* or 0-39 gram 


of 


1000 


Na 2 B 4 0 7 .ioH 2 0 . . . . 

Now, this weight of borax is contained in 25 c.c. 01 the 
solution of crude borax, therefore 250 c.c. of the solution will 
contain 3-9 grams of pure borax. 

Thus, the percentage of pure borax in the sample is 
GJi 

A check can be obtained on the result thus obtained by 
adding a little phenolphthalein to the solution and 
the free ortho-boric acid (liberated in the titration with HL ) 
by decinormal NaOH. The ‘ end-point/ however, is unsatis- 
factory unless a large quantity of glycerol (or certain other 
polyhydric alcohols) be present in the solution ; why poly- 
hydric alcohols should render the ' end-point ' more definite is 
not yet understood, but glycerol, in particular, possesses this 
peculiar property. The reaction may be represented by the 

equation . + 4 NaOH = 4NaB0 2 + 8 H 2 0 . 

It will be noticed that the ortho-boric acid is so weak that 
it is only partially neutralized, forming sodium metaborate 

and not the ordinary borate. 

Here 4NaOH = 4H3BO3 = Na 2 B 4 0 7 .ioH 2 0 . 

. 30-2 

Thus, 1 litre of o-iN.NaOH will be equivalent to , or 

9-55 grams of borax. This is exactly half the chemical 

equivalent used in the first reaction. ... ., • 

In carrying out this second determination , , there is one 
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important caution which must he observed : the NaOH must be 
tested to see that it is free from sodium carbonate, since not only 
would the CO 2 liberated affect the phenolphthalein but the sodium 
carbonate would react with the ortho-boric acid, forming borax. 

For example, after titrating the borax in the first experi- 
ment with o-iN.HCl, a few drops of phenolphthalein and 
about 30 grams of pure glycerol were added to the solution 
containing the liberated ortho-boric acid. As a mean of three 
titrations, it was found that 41*2 c.c. of o-iN.NaOH were 

required to neutralize the H 3 B 0 3 liberated from 25 c.c. of 
borax solution. 

Then, 

1 litre of o-iN.NaOH = 9-55 grams of Na 2 B 4 0 7 .ioH 2 0 . 

Therefore, 41-2 c.c. of oiN.NaOH = 9*33 x or 0 ., Q 

1000 * ^ 

gram, of Na 2 B 4 0 7 .ioH 2 0 . 

This amount of borax is contained in 25 c.c. of the original 
borax° n ' therefore ' 250 c * c * ^ con tain 3-9 grams of pure 

Thus, the percentage of pure borax in the sample is 52 ?^ 
93 %. 4 * 2 

28. The Determination of Ammonium Salts. In the 
estimation of ammonia in ammonium salts one of two alter- 

n^i 1Ve ^ me / h x d f, may be em P lo yed. They are both based 
upon the fact that any ammonium salt when heated with a 
caustic alkali evolves ammonia gas. 

I \i Th f ' Direct . ’ Method.— In this determination a 
known weight of ammonium salt is boiled with a measured 

of , standa rd NaOH solution until the evolution of 
ammoma is completed. The residual NaOH is then titrated 
with standard acid, and the difference between the original 
final amounts of NaOH will represent the given weight 

Ammo^um^lorffe. ' ^ ** estimation °f Ammonia in 

internal? FT ° f amm °T m c Woride is weighed accurately 
the soSon^ i a 5 ° T ° f ° ,lN - Na0H are then added and 

broJ^T Kl mea r f turmeric paper, which is turned 
diluted to TFTw Th , e solutlon ls then allowed to cool, 

diluted solution are titrated with o-xN^Cl inX presence S 
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The following are the results of an actual experiment . 
Weight of NH 4 C 1 = 1-07 grams. 

Volume of o-iN.NaOH added to the ammonium chlo- 

nd After 25 all C the ammonia had been expelled the residual 
solution was diluted to 250 c.c., and portions of 75 c.c. were 
titrated with o-iN.HCl. 

As a mean value of three titrations it was found that 15 o c.c. 
of the acid were required. 

2s0 

Thus, the whole 250 c.c. would require 15 X or 50 c.c., 

° f Therefore, 50 c.c. of o-iN.NaOH were left, and (250 — 5 °). 
or 200 c.c„ of the o-iN.NaOH were needed to expel all the 
ammonia from 1-07 grams of ammonium chloride. 

Now, NaOH = HC 1 = NH 3 

Therefore, 1 litre of oaN.NaOH is equivalent to 17 g rams 

° f Therefore 200 c.c., of o-iN.NaOH is equivalent to o - 3 4 

gr Therefore, 3 ' the percentage of ammonia in ammonium 

chloride is ^z> or 3 I ’^%- 

Method 2'. 7 The ‘ Indirect ’ Method -In ^his 

the known weight of ammonium salt boded wff ^ gvolved 

caustic soda of unknown strength an f standard 

in the reaction is absorbed m a known volume 

acid solution. When the reaction is P cochineal 

acid is titrated with standard alkali, using ktmu c 
as the indicator. The difference between tt^onginal ^ 

residual acid represents the amount of ammmua^^ ^ 

ammonium salt. In the case of amm ammonia, the 

where sulphuric acid is used to absorb the ammom , 

reactions are as follows : 

(a) NHXl + NaOH = NaCl + NH 3 + H 2 U, 

6) 2 NH 3 + H 2 S0 4 = (NH 4 ) 2 S0 4 . 

In the actual determination the apparatus is assem 

as shown in Fig. 3 - The flask A is tube 

rubber cork, which carries a tap-funnel and a denvery fa 

having a bulb blovra at C in order to prev pure 

the flask B from suckmg back . About 1 gra P d 
ammonium chloride is weighed accurately and diss 
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in 50 c.c. of distilled water in the flask A ; the tap-funnel 
is filled with an approximately 25% solution of caustic soda, 
and 100 c.c. of normal H 2 S 0 4 are placed in the flask B, which 
stands in a basin of cold water. The ammonium chloride 
solution in A is heated just to the boiling point, whilst the 
caustic soda is allowed to run in a drop at a time. When all 
the caustic soda solution has been used, the tap of the funnel 
is closed and the solution boiled for about fifteen minutes. 
When this operation is finished, the delivery tube is washed 
with distilled water, and the washings added to the contents 
of the flask B ; this solution is then transferred to a 200 c.c. 



Fig. 3 

ESTIMATION OF AMMONIUM SALTS 

^f«iwi ed ? aSk ’ } h ? flask B is washed thoroughly with 

whi^h k fT ter ’ d th ! w^hings are added to the solution, 
which is then made up to the mark with more distilled water 

noX^VaOH nS ° f add SO * ution are th en titrated with 
ot™ a ° H ’ S? mg htmus 38 the indicator. The percentage 
of ammonia in the ammonium salt is then calculated 

Si SWLfl XS* OH — 
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Therefore, the volume of N.H 2 S 0 4 neutralized by the 
evolved ammonia is (ioo — 8o-8), or 19-2 c.c., and this is 
equivalent to 19*2 c.c. of normal ammonia solution. 

But 19-2 c.c. of normal NH 3 solution contain 19-2 X 0-017 
grams of NH 3 . 

Therefore the percentage of ammonia in ammonium 
chloride is 


19*2 X 0-017 
1-026 


X 100, or 31-8%. 


N.B. — In both these methods for the estimation of ammonia, 
phenolphthalein must never be employed, since its ammonium 
salt is largely hydrolyzed in solution, and the ‘ end-point ’ 
of the reaction would therefore be indicated prematurely 
(see § 142). 


29. The Determination of Ortho-Phosphoric Acid. 
Ortho-phosphoric acid, H 3 P 0 4 , is a tribasic acid of moderate 
strength which forms three series of salts. Its behaviour 
toward indicators, however, is rather striking. 

(a) Then methyl orange is employed as the indicator, the 
colour change occurs when one of the three hydrogen atoms 
has been replaced by sodium. 

Thus, H 3 P 0 4 + NaOH = NaH 2 P 0 4 + H 2 0 ; 
or, according to the ionic hypothesis : 


+ h 2 po 4 

+ Na 

M 


H 3 P 0 4 ^ ; H 
NaOH ^ I OH 


HoO 


(b) When, however, phenolphthalein is used as an indicator, 
the colour change corresponds to the replacement of two of 

the hvdroeren atoms. _ 

Thus, 6 H 3 P 0 4 + 2NaOH = Na 2 HP 0 4 + 2H 2 0 ; 

or, depicting the reaction ionically : 


H 3 PO 


2NaOH 



+ h 2 po 4 

Jl' = 

+ hpo 4 

Na -f- Na 
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. (?) No satisfactory indicator has yet been found which will 
indicate the complete neutralization of ortho-phosphoric acid 
according to the equation : 

H 3 P 0 4 + 3 NaOH = Na 3 P 0 4 + 3 H, 0 . 


or. 


H,PO 


■ 

H 


+ 

H 


3 NaOH 


+ 

H 


OH + OH + OH 


jr 

3 h 2 0 


+ h 2 po 4 

jr = 

+ hpo 4 

jr = 

+ Po 4 


-f 


+ Na + Na + Na 


nnllh! f 5 th ‘ s Wll i be * ound m § J 46 on the behaviour of 
polybasiG aads toward indicators, and the problem is still 

further comphcated by the fact that Na 3 P 0 4 is strongly 

alkaline in solution, being easily decomposed by such w<fak 
acids as carbonic acid. 

„T hus ’, in determining the strength of a solution containing 
ortho-phosphonc acid, where methyl orange is employed af 

SSS.OH KUl ' the “ ld is " |uival “ t *° •«« 

Suppose that 25 c.c. of the centinormal NaOH required 

to e a ff^t a thp 0f l thrCe u ltratioi ?\ 28 ' 5 c c * of the a cid solution 
to effect the colour change with methyl orange : 

then, since 1 litre of o-oiN.NaOH is equivalent to 1 litre 
of o-oi molar H 3 P 0 4 , the strength of the acid solution will be 

28*5 X 0 01 molar > i- e - 1 litre of the acid solution contains 

0 ' 98 X ¥ 5 ’ ° r °' 86 gtam < °f H 3 PO f 

On the other hand, if phenolphthalein be employed as the 

indicator, one molecule of the acid will be eauivS ^ Z! 
molecules of sodium hydroxide. equivalent to two 

aci F d°LTnTH P e le ’ ^ tbe ® ame solution of ortho-phosphoric 
mean he Pf! 2vl ° us determination it was found that as a 
° f Orations, 50 c.c. of the o-oiN.NaOH required 

Phenoiphthiei^ S l ° n t0 dischar g e the Pink colour of the 
Then, since in this case, 1 litre of o-oiN.NaOH is equivalent 
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Therefore, the volume of N.H 2 S 0 4 neutralized by the 
evolved ammonia is (ioo — 8o*8), or 19-2 c.c., and this is 
equivalent to 19-2 c.c. of normal ammonia solution. 

But 19*2 c.c. of normal NH 3 solution contain 19-2 X 0-017 
grams of NH 3 . 

Therefore the percentage of ammonia in ammonium 
chloride is 


19-2 X 0*017 


X 100, or 31-8%. 


1*026 

N.B. — In both these methods for the estimation of ammonia, 
phenolphthalein must never be employed, since its ammonium 
salt is largely hydrolyzed in solution, and the ‘ end-point ' 
of the reaction would therefore be indicated prematurely 
(see § 142). 

29. The Determination of Ortho-Phosphoric Acid. 
Ortho-phosphoric acid, H 3 P 0 4 , is a tribasic acid of moderate 
strength which forms three series of salts. Its behaviour 
toward indicators, however, is rather striking. 

(a) Then methyl orange is employed as the indicator, the 
colour change occurs when one of the three hydrogen atoms 
has been replaced by sodium. 

Thus, H 3 P 0 4 + NaOH = NaH 2 P 0 4 + H 2 0 ; 
or, according to the ionic hypothesis : 


h 3 po 4 

NaOH 



+ h 2 po 4 

+ Na 


(6) When, however, phenolphthalein is used as an indicator, 
the colour change corresponds to the replacement of two of 
the hydrogen atoms. 

Thus, 8 H 3 P 0 4 + 2NaOH = Na 2 HP 0 4 + 2H 2 0 ; 
or, depicting the reaction ionically : 


H„PO 


2NaOH 



+ h 2 po 4 
41 ' = 

+ hpo 4 

+ Na + Na 
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(c) No satisfactory indicator has yet been found which will 
indicate the complete neutralization of ortho-phosphoric acid 
according to the equation : 

H 3 P0 4 + 3NaOH = Na 3 P0 4 + 3 H 2 0. 

or * J 2 


H,PO 


H 


+ 

H 


3NaOH 


+ 

H 


OH + OH + OH 


jr 

3H 2 0 


+ h 2 po 4 

1 _ 

+ hpo 4 

jr = 

+ P0 4 

+ Na + Na + Na 


nnlth! f ?5 th . 1S Wll i be found ln § x 46 on the behaviour of 
polybasic acids toward indicators, and the problem is still 

urther complicated by the fact that Na 3 P0 4 is strongly 
S” ”ar£„“c'°,cid b,!inK e “ ily de “""t»“ d b y sucb weak 

ort T ho U oh^nt termini , ng *5® Strength of a solution containing 
ortho-phosphoric acid, where methyl orange is employed as 

SiSSVoh."' of the “ ld Vvd,K d „S 

Suppose that 25 c.c. of the centinormal NaOH required 

to effa* the° f i hree , tltrations - 28 '5 c.c. of the acid solution 
to effect the colour change with methyl orange • 

oil 01 mZrU VO 0 '? lN -i a °? > s talent to 1 litre 
25> o HdP ° d ' the strength of the acid solution will be 

- g - X 0*01 molar ; i.e. 1 litre of the acid solution contains 

0-98 X ¥5' or °' 86 £ ram ‘ °f H 3 PO t . 

• , 0n , the other ha nd, if fihenolfihthalein be employed as the 

ass *» s £ 

£F C C oHhe I -H ?!• 50 C,C - of the O'OiN.NaOH required 

phenolphthaJei^ ” t0 dis ° harge the pink colour of the 

Then, since in this case, 1 litre of o-oiN.NaOH is equivalent 
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to i litre of 0*005 molar H 3 P 0 4 , the strength of the acid 

solution will be X 0*005 molar ; i.e. 1 litre of the acid 

25*8 

solution contains 0*49 X \ or o -86 gram , of H 3 PO 4 . 

20*5 


30. The Estimation of Weak Organic Acids. Weak 
organic acids can be estimated by titration with strong bases 
using phenolphtlialein as the indicator. The base which is 
best adapted for this work is Barium Hydroxide solution 
(baryta water). Since the solid barium hydroxide has a 
limited solubility in water the solution should never be 
stronger than decinormal. 

Since one molecule of barium hydroxide reacts with two 
molecules of HC 1 according to the equation : 

Ba(OH) 2 + 2HCI = BaCl 2 + 2H 2 0, 

it follows that a normal solution of Ba(OH) 2 will be a semi- 
molar solution, and a decinormal solution will therefore 


contain or 8-55 grams, per litre. 

In using the Ba(OH) 2 solution, it should always be protected 
from the air, as it reacts with the atmospheric carbon dioxide 
forming insoluble barium carbonate : 

Ba(OH) 2 + C 0 2 = BaC 0 3 + H 2 0 . 

The Estimation of Succinic Acid. Succinic Acid, 
(CH 2 COOH) 2 , is a weak organic acid which reacts with sodium 
hydroxide according to the equation : 

CH 2 COOH CH 2 COONa 

I 4 - 2NaOH = | + 2H 2 0. 

CHjCOOH CH 2 COONa 

Thus, since one molecule of the acid reacts with two molecules 
of NaOH, the chemical equivalent of succinic acid will be nai 

Il8 

the molecular weight ; i.e. — , or 59. 

with phenolphthalein . 
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Then, the normality of the acid solution will be o-iN. x - — ; 
i.e. 5*9 x , or 2-ig grams, of succinic acid per litre . 

kJ 

N.B. — By taking an accurately known weight of pure succinic 
acid crystals and dissolving them in the required volume of water 
an accurate decinormal solution of the acid may he prepared . 
This solution can then he used for standardizing the haryta 
solution, which is liable to vary in strength when kept. 

The Estimation of Citric Acid. Citric acid, which crystal- 
lizes with one molecule of water of crystallization, reacts with 
caustic soda as a tribasic acid. The complete neutralization 
is indicated when phenolphthalein is the indicator ; but if 
methyl orange be employed, * equivalence ' is indicated when 
only one of the three replaceable hydrogen atoms has been 
replaced by sodium. (See § 146.) 

The complete reaction takes place according to the 
equation : 

CH 2 COOH CHXOONa 


CH( 0 H)C 00 H.H 2 0 + 3NaOH = CH(OH)COONa + 4 H 2 0 . 

CH 2 COOH CH 2 COONa 

In the actual determination, the solution containing citric 
acid is titrated with decinormal baryta solution, using 
phenolphthalein as the indicator. It will be seen from the 
above equation that the chemical equivalent of citric acid is 

one-third the molecular weight ; i.e. or 70-33, in the case 

of hydrated citric acid ; or if anhydrous citric acid be required 
the equivalent will be — , or 64*33. 

For example, suppose that 50 c.c. of a citric acid solution re- 
quired, as a mean of three titrations, 27-5 c.c. of o-iN.Ba(OH), 
to give the colour change with phenolphthalein : 

Then the normality of the acid solution is o-iN. x or 

the strength of the solution is 7*033 x ^l 5 , 0x3-88 grams, of 

hydrated citric acid per litre . 

3 1 - The Determination of the Hardness of Water 
(Hehners Method). Hehner has divised a very simple 
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method for determining the hardness of water by direct 

N 

titration with — .H 2 S 0 4 solution. The best indicator to use is 

phenacetolin, which is pink in solutions of alkaline carbonates 
and yellow in acid solution. Methyl orange may be used if 
phenacetolin is not obtainable. 

(a) Temporary Hardness is due to the insoluble carbonates 
of calcium and magnesium being held in solution as 
bicarbonates by the carbon dioxide dissolved in the water, 
and they may be precipitated again by boiling the solution ; 
e.g. : 


Ca(HC 0 3 ) 2 

(soluble) 


CaCOg -f~ H 2 0 -f - C 0 2 
(insoluble) 

In considering the reaction 

CaC 0 3 + H 2 S 0 4 = CaS 0 4 + H 2 0 + C 0 2 , 

ICO 98 

it will be seen that 2 litres of normal sulphuric acid (i.e. 
98 grams of H 2 S 0 4 ) exactly decompose 100 grams of CaC 0 3 . 

N 

Therefore, 1 litre of — .H 2 S 0 4 will decompose exactly one 

N 

gram of CaC 0 3 ; i.e. 1 c.c. of — .H 2 S 0 4 will be equivalent to 

5 ° 

1 milligram of CaC 0 3 . 

As the hardness of water is generally expressed directly in 
grains per gallon (i.e. parts per 70,000), it is best to titrate 
70 c.c. of the water at a time, and the water should be heated 

N 

to boiling. The number of c.c. of — .H 2 S 0 4 required to effect 

the colour change with phenacetolin will, thus, represent 
the number of milligrams of CaC 0 3 in 70,000 milligrams of 
water. The result is thus expressed directly in grains per 
gallon. 

For example, suppose that, as a mean of three titrations, 

i6*4 c.c. of — .H 2 S 0 4 were required to effect the colour change 

with 70 c.c. of water containing a few drops of phenacetolin : 

Then the water contains 16-4 parts of CaC 0 3 per 70,000 parts 
of water. 

Thus, the Temporary Hardness of the water is 16-4 grains 
of CaC 0 3 (including the equivalent amount of MgCO a ) per 
gallon. 
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(b) Permanent Hardness. This is due to the sulphates of 
calcium and magnesium, and it can be determined by pre- 
cipitating the sulphates as carbonates by means of -^.Na o C0, 

50 3 

solution : 


CaS0 4 

Na 2 C0 3 



+ S0 4 
+ Na + Na 


Although the calcium sulphate is so very slightly soluble, 

the 10 ns, formed by the small amount which is dissolved are 

sufficient to cause the complete precipitation of the calcium 
as carbonate. 

Here, 1 c.c. of — .Na 2 C0 3l being equivalent to 1 c.c. of 
N 3 

-.H 2 S0 4 will therefore precipitate 1 milligram of CaC0 3 (or 
its equivalent in MgC0 3 ). 

In the determination of permanent hardness, 70 c.c. of water 

are taken, as before, and a measured excess of the — ,Na 2 C0 3 

solution added. The solution is then evaporated to dryness 
m a platinum dish on a water bath ; the soluble portion of 
the residue is extracted with distilled water, filtered, and 

the filtrate titrated with — .H 2 S0 4 , using phenacetolin as the 
indicator. The titration represents the excess — Na.CO, 

C Q « 3 

added to the solution, and the difference between this volume 
^nd the original volume of Na 2 C0 3 represents the volume of 

— .Na 2 C0 3 used in precipitating the permanent hardness. 


For example, suppose that 50 c.c. of -.Na 2 C0 3 were added 

to the 70 c.c. of water, and that, after evaporation, filtration, 

etc., 427 c.c. of — .H 2 S0 4 were required to neutralize the 
excess sodium carbonate. 
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N 

Then, (50 — 427), or 7*3 c.c. of — .Na 2 C 0 3 , have been used 

5 ° 

in removing the permanent hardness. 

Therefore, the permanent hardness is equivalent to 7-3 
grains of CaC 0 3 (or the equivalent in MgC 0 3 ) per gallon. 
Thus, the Permanent Hardness is 7*3 grains per gallon. 

In this case, therefore, the Total Hardness of the water is 
(16-4 + 7-3), or 23 7 grains per gallon. 

N.B. — In the case of a water which contains sodium or 
potassium carbonates there will be no true permanent hard- 
ness, since the alkaline carbonates will have decomposed the 
calcium and magnesium sulphates. The temporary hardness 

N 

as determined by titration with the — .H 2 S 0 4 will be greater 

than the real value, and will represent the total hardness. 
The true temporary hardness can be estimated by proceeding 
in exactly the same way as in the determination of permanent 
hardness. In this case, on titrating the sodium carbonate 
with the H 2 S 0 4 it will be found that the amount of Na 2 C 0 3 
is in excess of the amount added. The difference between 
these amounts is the amount of alkaline carbonate present 
in the original water, and the true temporary hardness is 
obtained by subtracting this amount from the apparent 
temporary hardness. 

32. The Preparation of Standard Solutions of 
Acids. The table on p. 45 gives the specific gravities and 
percentage compositions of the three common mineral acids, 
and will be found of great value in preparing approximately 
standard solutions of those acids. 


SUGGESTED EXPERIMENTS ON CHAPTER II 

1. You are provided with pure, anhydrous sodium bicarbonate. 
Prepare an accurately decinormal solution of sodium carbonate, 

by means of this solution, standardize a solution of sulphuric acid. 

2. Given a normal solution of HC 1 , estimate the strength, ^ grams 
per cc of the bench NaOH solution. Take 25 c.c. of the Wauri 
solution' and dilute it to 250 c.c. Use this solution for your determi 

tl0 3 n ' You are provided with accurately decinormal uitric acM, and 

approximately decinormal caustic potash solution. Determine 

strength of the bench sulphuric acid in grams per c.c. , 

4 g Given an accurately decinormal solution of sulphuric acid, fin 

tiiA nprrpntape of NaOH in commercial caustic soda. . 

thepercentag^of q{ ^ giyen solution of potasslu m 


ACIDIMETRY AND ALKALIMETRY 


45 


Specific Gravities and Percentage Compositions of Three 

Common Mineral Acids 
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hydrogen oxalate in grams per litre. Potassium hydrogen oxalate 
acts as a monobasic acid. What indicator will you use, and why ? 

6 . By means of normal caustic soda solution determine the strength 
of the given solutions of (a) potassium hydrogen sulphate, and (6) 
potassium bicarbonate. What indicator will you use in each case ? 
Give reasons for your choice. 

7. You are provided with decinormal sulphuric acid, and are asked 
to determine the percentage composition of the given mixture of 
potassium carbonate and potassium bicarbonate. 

8. Given a decinormal solution of KOH, find the respective amounts 
of HC 1 and H 2 S 0 4 in 1 litre of the given solution. 

N.B. — The total amount of acid must be known. 

9. You are provided with decinormal HC 1 and are asked to deter- 
mine the strength of the bench ammonia solution in grams per litre. 
What indicator will you use, and why ? 

10. You are provided with decinormal solutions of KOH and 
Na 2 C 0 3 , and are asked to determine the strength, in grams per litre, 
of the given solution of acetic acid. Which of the two standard 
solutions will you employ, and what indicator will you use ? Give 

reasons for your choice. _ . 

11. You are provided with an accurately decinormal solution 01 
oxalic acid and an accurately decinormal solution of nitric acid. You 
are required to determine the strength, in grams per c.c., of the given 
sodium carbonate solution. Which standard acid solution will you 
employ, and what indicator will you use ? Give reasons for your 

12. You are provided with one-fifth normal solutions of sodium 

carbonate and hydrochloric acid, and are required to determine the 
percentage purity of the given barium chloride, BaCl 2 .2H 2 0. _ 

13. Given normal solutions of HC 1 and NaOH, find the equivalent 

weight of tin. 

N.B.— HJse pure tinfoil. . , . ,. t 

14. You are provided with an accurately decinormal 

HC 1 and an approximately decinormal solution of KOH. rina t 
equivalent weight of H 2 S 0 4 given a 1 per cent solution of sulphunc acid 

15. You are provided with normal solutions of caustic soda and 

sulphuric acid. Determine the percentage of ammonia in (a) ammo- 
nium nitrate, and (6) ammonium chloride. . 

16. Given normal solutions of NaOH and HC 1 find the equiva 

weight of pure magnesium oxide. , KOH 

17 You are provided with normal solutions of HC 1 and K Oil. 

Find the percentage of CaCO, in the given sample of chalk ^sunung 

that the only impurity present in the chalk is calcium sulpha . 

x8 You are provided with decinormal solutions of sulphunc acid 

and sodium carbonate, and you are required to d. ttomme ?X be 

of molecules of water of crystallization in hydrated copper sulphate, 
of molecules O re provided with pure, hydrated borax and decinormal 

HC 1 . Determine the percentage of water of crystallization 

hydrated borax. decinormal KOH, methyl orange, and 

a sample of phosphorus pentoxide. You are required to determine the 

Pe ¥a e k n e ta fn of the 

care 1 to^vSd^ssl^spitting^ 1 cool^'sSi^dUute to a convenient volume. 
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If necessary, the solution must be filtered before dilution. Use this 
solution for the determination. 

21. Prepare equal volumes (say 200 c.c.) of the following : 

10, 20, 30, 50, 75, and 100 per cent (by volume) concentrated 
sulphuric acid. 

You are provided with pure zinc-foil and normal NaOH, and are 
required to plot a curve showing the rate of evolution of hydrogen in 
the reaction 

Zn + H 2 S 0 4 = ZnS 0 4 + H 2 

with varying concentrations of sulphuric acid. 

Take the same weight of zinc-foil in each experiment, and withdraw 
10 c.c. of the reacting solution every three minutes ; dilute each 
portion to suitable volume (calculate the required volume approxi- 
mately) and titrate with the normal NaOH. The amount of acid 
changed in each case will give an indication of the rate of the reaction. 


CHAPTER III 


VOLUMETRIC ESTIMATIONS BASED UPON OXIDATION 

AND REDUCTION METHODS (Part i) 


POTASSIUM PERMANGANATE 

33. Potassium permanganate, KMn0 4 , reacts in acid 
solution as an oxidizing agent. Actually, two molecules of 
KMn0 4 liberate five atoms of oxygen, which are thus avail- 
able for oxidizing purposes ; e.g. 

2KMn0 4 + 3H 2 S0 4 = K 2 S0 4 + 2MnS0 4 + 3H 2 0 + 5O. 

The KMn0 4 is reduced to K 2 S0 4 (derived from potassium 
oxide, K 2 0), and manganous sulphate MnS0 4 (derived from 

manganous oxide, MnO). 

If, therefore, we write 
represent this compound 
oxides : potassium oxide, 

Mn 2 0 7 . 

Thus, K 2 Mn 2 0 


2KMn0 4 as K 2 Mn 2 0 8 , we may 
as being composed of the two 
K 2 0, and manganese heptoxide, 


= K 2 0 + Mn 2 0 7 . 

-- a a-o — 2 \ i 4 

We may, therefore (since MnS0 4 is the salt corresponding 
the basic oxide MnO), represent the reduction of two mole- 
cules of potassium permanganate by the equation : 

Mn 2 0 7 ->2Mn0 + 5O. 

Thus, 2KMn0 4 =5^ = 

Therefore KMn0 4 = 5^ > 

i.e. the chemical equivalent of KMn0 4 , when used as an 
oxidizing agent in acid solution, is one-fifth the molecul 

weight. .158 

Thus, a normal solution of KMn0 4 contains ^ , or 3-1 

“"ft r P i“c?a.ed that a nonnal solution of 

KMnOa is in effect, a normal ‘ available oxygen solution, 

since 1 litre of the N.KMn0 4 solution will liberate 8 grams of 

oxygen available for oxidation purposes. , i t i 0 ns 

In practice, it is customary to employ decinormal solution 

of KMn0 4 , as this strength is quite strong enough 
oxidation operations. 

4 8 ' 


w 
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3^ Precautions Necessary when Titrating with 
Potassium Permanganate, (i) Dilute sulphuric acid must 
always be present in sufficient excess to prevent the pre- 
cipitation of hydrated oxide of manganese. If a brown 
precipitate or any turbidity is observed more sulphuric acid 
mustoe added at once. 

(2) Always titrate slowly when using permanganate, for 
the same reason. 

(3) Hydrochloric and nitric acids should not be employed 
to acidify the solution, since the reaction may be complicated 
by the liberation of chlorine from HC1, and of oxides of 
nitrogen from nitric acid. 

(4) When titrating oxalic acid, or a solution of an oxalate 
the solution should be warmed to about 6o° C., otherwise the 

end-point of the reaction is indistinct. 

, v (5) The permanganate solution should always be placed 

m a burette fitted with a glass stopcock, as rubber tubing is 

attacked by the permanganate, and the titration is conse- 
quently inaccurate. 

*( 6 ) All the distilled water used for making solutions of 
ferrous salts, etc., should be freshly boiled, so as to eliminate 
dissolved atmospheric oxygen which might oxidize some of 
the ferrous salt to the ferric state. 

(7) Potassium permanganate must not be used to estimate 
chlorides of iron. Potassium dichromate must be used instead 
35- Ihe Oxidation of Ferrous Salts by Potassium 
Permanganate. Ferrous salts are oxidized to the ferric 
state by KMn0 4 solution in the presence of sulphuric acid. 

to the f equation Phate 1S OXldlzed to ferric sul Phate according 

2KMn0 4 + ioFeS0 4 + 8H 2 S0 4 = 2 MnS0 4 + K 2 S0 4 + 

5Fe 2 (S0 4 ) 3 + 8H 2 0. 4 2 4 + 

Here , 2KMn0 4 = roFe 

316 10 x 56 

ex^tWcT 1 lltre , of o-iN.KMn0 4 (3-16 grams) will oxidize 
exactly 5-6 grams of iron from the ferrous to the feme state 

solution of KMn0 4 can be prepared by weigh- 

chfsoS a in y H' 3 tTf| ram . S ° f P ure st recrystallized salt, 

dl ,® tl J Ued water - and the n making up to x litre 
dl ® tllled , water in a graduated flask^ If, however 

S^luo^w^- 11 and thC SOlUti ° n Standardl2ed in one 

4 
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THE STANDARDIZATION OF POTASSIUM 

PERMANGANATE 

(a) Potassium permanganate can be standardized with 
reference to metallic iron. The usual method consists o 
taking a convenient weight of the purest, softest iron wire 
(containing about 99-6% Fe), dissolving it in air-free 1 J-* ® 
sulphuric acid, and making up this solution to a suitab 
volume with freshly boded distilled water. The iron solution 
is then titrated with the approximately o-iN.KMn0 4 solutio , 
and the permanganate is then determined from the equivale 

2KMn0 4 = ioFe. 

This method, however, is open to objection. In the first 
place the purity of the iron wire is not accurately kno , 
secondly, despite the precautions taken to prevent 
oxidation of the ferrous sulphate to the feme state 's 
doubtful whether all the iron remains in the ferrous condrtK ^ 
A more accurate method based on the equivalent of iron is 
to use ferrous ammonium sulphate, which is no y 

y S»0. iy M,.„ 0, tmm 

Ammonium Sulphate. Ferrous ammonium 
FeS0 4 .(NH 4 ) 2 .S0 4 .6H 2 0, can easily be obtmned m ajtatg 
of purity by preparing it in the crystalline form 3^ moniul ° 

sulphate in distilled water, gently evaporatmg the so 
to saturation point, and coolmg slowly. The crystals 
obtained can then be recrystallized and direct. ( 2 

The formula weight of ferrous ammonium sulphate (3^ 

grams) contains exactly one-seventh of 1 t ® dar d j ron 
(56 grams) . It is thus quite easy to make up a stand 

solution from this salt. T.-o^rctallized salt 

Method. A known weight of the pure recryst 

is dissolved and made up to a convenient volume with fr hy 
boiled distilled water in a graduated flask , 25 c.c. 
solution are then transferred to a small flask, a ? mately 

dilute sulphuric acid are added, burette 

decinormal permanganate is run in s y , the 

until a faint pink colour is imparted to th solutmn (se 
precautions in § 34)- Three concordant results mn obtai 
and the potassium permanganate is then standardize ■ 

Suppose that 9 -8 7 ^ of pure 
ammonium sulphate were dissolved in air-free distUied 
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Md made up to 250 c.c., and that, as a mean of three titra- 
23 ' 5 CX ; °/ approximately decinormal permanganate 
sduti 0 r n qUlred t0 C ° mpletely oxidize 25 c.c. of the ferrous 

Then 250 c.c. of the iron solution contain or 

grams, of Fe. 7 

Therefore 25 c.c. of the solution contain 0-141 gram of Fe 
And, since 56 grams of iron are equivalent to 31-6 grams of 

KMn 0 4 , 0-141 grams of Fe will be equivalent to 3 — x 0-141 

therefore, KMn ° 4 ' The Strength ° f the KMno/solution is, 
1000 31-6 

2 3‘5 X "stT X 0 ’ 1 ^ 1 ' or 3'39 grams per litre. 

Thus the normality of the KMn 0 4 solution is ^ x - • • 

The volume of water required to dilute t litre 

swasas * z&s » ‘Sz e 

solution^" 18 ° f KMn ° 4 are stained in 1000 c.c. of o-iN. 


3 39 


or 


3*39 grams of KMn0 4 are contained in 1000 x , 

1072 c.c., of o-iN. solution. 3 ‘ l6 * 

1 htr^of 1 the ^ * 000 )' or 72 c.c., of water must be added to 

m*k« it JSLKv S0lU,iO " " °' d ' r *> 

oSS'ShTS? i hy -I 

at a temperature of about fin° r a reac 1 tlon proceeds bes* 
the equation : ‘ 6 ° C " and may be represent*, d_ t by 

5 (C 00 H) 2H O + 2KMn0 4 + 3 H 2 S0 4 = i oC (X 
* K 2 S 0 4 -f 2 MnS 0 4 4- ioH 2 0. v > 

The essential reaction can be represented^ * 

COOH J * 

I + O = 2CO- + H,0 * 

COOH 2 
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Thus, one molecule of the acid is equivalent to one atom 
of oxygen, and, therefore, to two atoms of hydrogen. 

Therefore, the chemical equivalent of oxalic acid will be 

half the molecular weight ; i.e. or 63-0, in the case of the 
hydrated acid, (C00H) 2 .2H 2 0 ; and §?, or 45-0, in the case of 

the anhydrous acid, (COOH) 2 . 

A normal solution is, therefore, a semi-molar solution, ana 
will contain 63-0 grams of the hydrated oxalic acid per litre. 

Method. A suitable amount of the hydrated acid is weighed 
accurately, dissolved, and made up to a convenient volume 
with distilled water. 25 c.c. of this solution are transferred 
to a small flask, an equal volume of dilute sulphuric acia 
is added, and the solution heated until the temperature is 
about 6o° C. The permanganate is then run very slowly into 

the flask until a faint colour persists (see § 34)- lhr f e c ° 
cordant results are obtained and the permanganate is tnen 

Suppose that, in an experiment, 24-8 c.coftheapP 
mately decinormal KMn0 4 were required to neutralize 
25 c.c. of an oxalic acid solution containing i-59 g™™ 0 

(C00H) 2 .2H 2 0 per 250 c.c. : . .. 

Therefore 25 c.c. of the acid solution contains £ 5 ? 
of (C00H) 2 .2H 2 0; and this amount is equivalent 

o-iSQ X grams of KMn 0 4 . 

63-0 

Therefore the strength of the KMn0 4 solution is : 


31*6 1000 

°- J 59 X eT x ip 


, or 3*22 grams , per litre. 


j 


3*22 -vT 

Thus, the normality of the KMn0 4 solution is x 
and, since 3-22 grams of KMn0 4 will be contained in 1000 X 
3' 22 > or I0I9 c.c., of decinormal KMn0 4 solution, it foUows 

that (10x9-1000), or i 9 c.c., of water must be added to 1 Utre 

of the KMn0 4 solution to make it accurately °5®^ ined 
The strength of any oxalic acid solution may be detenn 
in a similar manner by titrating the acid solution with deci- 
normal KMnO,, and calculating the weight of oxahc acid 
which has reacted with the observed volume of standard 
permanganate. 
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DETERMINATIONS WITH STANDARD POTASSIUM 

PERMANGANATE 

36. The Estimation of Ferrous Salts. The estimation 

of ferrous salts, with the exception of the chlorides, is carried 
out in a similar manner to the standardization of potassium 
permanganate with ferrous ammonium sulphate. 

hnil^ n ?- W ?iT W ! ight . 0f the J ferTOUS sal t is dissolved in freshly 
boiled distilled water and diluted to a convenient volume 7 

Aliquot portions of this solution are acidified with dilute 

sulphunc acid, and titrated with o-iN.KMn0 4 solution 1 c c 

of which is equivalent to 0-0056 gram of Fe. 

For example, in determining the percentage of iron in 

^r m ° n T S ? lpt f te ' ^ams of the pure recrystal- 
up to 250 c c re dlSS ° lved m aTF ^ ee billed water and made 

wi £f IT 1 ® 311 °{ t | lre ? titrations, 25 c.c. of this solution (acidified 
with dilute sulphuric acid) required 24-5 c.c. of o-iN KMnO 
for complete oxidation to the ferric state 

K ram W of S Fe Ce iJ ° f °:* N ; KMn0 4 * equivalent to 0-0056 
gram of he, it follows that 24-5 c.c. of o-iN KMnO are 

equivalent to 0-0056 x 24-5, or li 37 gram, of Fe * 

of Therefore, 250 c.c. of the ferrous salt contain i- 37 grams 

Thus, the percentage of iron in ferrous ammonium sulphate 


is 


i *37 


9^604 X I00 ’ or z + 3 %- 

Jl - ,, The Determination of Ferric Salts. Ferric salts 

(1) Reduction by Means of Zinc and Dilute Sul-bhuric Arid 

Fe 2 (S 0 4 ) 8 -f- 2H= 2FeS0 4 -f- H 2 SO-. 
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It can be ascertained when reduction is complete by with- 
drawing a drop of the solution on the end of a glass rod and 
bringing it into contact with a drop of ammonium thiocyanate 
solution upon a white tile. This test is based upon the fact 
that, with ferric salts, ammonium thiocyanate, NH 4 CNS, 
gives a blood-red coloration of ferric thiocyanate, Fe(CNS) 3 , 
whereas with ferrous salts there is no colour change. Thus, 


any remaining ferric salt will be indicated by the red colour, 
and the reduction is continued until the red colour is no longer 
observed. The excess metal is then separated from the 
solution by decantation, or, if necessary, by filtration. The 
solution is then allowed to cool, diluted to a convenient volume, 
and aliquot portions are titrated with decinormal permanga- 
nate in the presence of sulphuric acid (as a rule, the acid added 
to liberate hydrogen from the zinc is sufficient, but, if the 
slightest turbidity be observed during the titration, more 

sulphuric acid must be added). 

(2) Reduction by Means of Sulphur Dioxide. In tms. 

method of reducing the ferric salt to the ferric state on y 
dilute solutions should be employed. Sulphur dioxide eithe 
from a siphon or prepared by the action of ddiite suiphunc 
acid on sodium sulphite, is bubbled through the dilute 
iron solution, which is heated to boiling. The action is 
continued until no remaining ferric iron can be detec tea oy 
the NH 4 CNS test ; the solution is then boiled untd ah th 
sulphur dioxide has been expelled, cooled, diluted to suite 
volume, and aliquot portions are titrated with decinorma 
permanganate in the presence of dilute sulphuric , 

P The reaction, in the case of feme sulphate, is represen 


by the equation : 

Fe 2 (S0 4 ) 3 + H 2 S0 3 + H 2 0 = 2FeS0 4 + 2H 2 S0 4 . 

(3) Reduction by Means of Hydrogen Sulphide. Ue , 
again, dilute solutions only should be used. It is 
divide the ferric iron solution into aliquot portions 
start, and repeat the reduction with each portion, 
iron solution is acidified with dilute sulphuric acid and tnen 
saturated with hydrogen sulphide gas. The reaction, 
case of ferric chloride, takes place according to the equatio . 

2FeCl 3 + H 2 S = 2FeCl 2 + 2HCI + S \ > 

or, expressing the reaction in terms of ions : 

2Fe + 6 C 1 + H + HS 2Fe -f 4CI + 2H -f- 2CI + S j . 

* This is most important as the reduction is only complete when dilute 
solutions of ferric salts are employed. 
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The essential reaction is, thus, between the ferric and the 
hydrosulphide ions : 

+++ — ++ + 

Th . . 2 Fe + HS^ 2 Fe + H + S;. 

Jr * reaction is an excellent example of reduction which is 
essentially a change involving the loss of a positive charge 

thJt aU thefr^c 1 , Stt 1 Until the NH < CNS test indicates 
The excess H s f has been converted to the ferrous state. 
rnmnU H 2 S dissolved m the solution is boiled off (the 
complehon of the operation can be ascertained with lead 
acetate paper) ; the precipitated sulphur is filtered off and 
washed well with distilled water, and the combined filtrate 
and washings are titrated with o-iN.KMnO, solution in 

the presence of dilute sulphuric acid. solution in 

TO FIND THE PERCENTAGE OF IRON IN A 

FERRIC SALT 

in w^ter^ddmed^n 0 ^ "W ° f , the ferric salt is dissolved 
y water > ciiluted to a suitable volume and rednrpH 

state' KMn ° 4 S ° 1Uti0n f ° r Com P lete ox idation to tV ‘ferric 

500 cl” KSSidkS Sf !d *° 

grams o^Fe^* ° ° 1 * KMn0 4 are equivalent to 194 x 0-0056 

Therefore, the percentage of iron in the ferric salt is 

194 X 0-0056 

^ X 100 ; i.e. 11-6% Fe. 

Ferric Salt^sT?- 0 " ° F u \ Mixture of Ferrous and 

^i,uof ' sr s t 

o. .he ie tTeffiS 


0 
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methods (see § 3 7), and is diluted to a suitable volume. 
Aliquot portions of this solution are then titrated with 
o*iN.KMn 0 4 , and the result will give the Total iron in the 
solution. The Ferric iron is then obtained by difference. 

For example, in an experiment, 20 c.c. of the iron solution 
required 14*7 c.c. of o*iN.KMn 0 4 for oxidation of the ferrous 
iron to the ferric state. 50 c.c. of the solution were then 
reduced with sulphur dioxide, and the solution made up to 
200 c.c. with distilled water ; 50 c.c. of this reduced solution 
were then titrated with o*iN.KMn 0 4 , and, as a mean of 
three titrations, 13-6 c.c. were required. 

The calculation is in three steps. 

(a) The Estimation of the Ferrous Iron. 14-7 c.c. of 
o*iN.KMn 0 4 are equivalent to 14*7 X 0*0056 grams of Fe. 
Therefore, the amount of ferrous iron in 1 litre of the solution is 


14*7 x 0*0056 X 


1000 


20 


or 4-12 grams, of ferrous iron. 


(h) The Estimation of the Total Iron. 50 c.c. of the reduced 
and diluted iron solution are equivalent to 13*6 c.c. of 
o*iN.KMn 0 4 . 

Therefore, 200 c.c. (i.e. 50 c.c. of the original solution) are 
equivalent to 13*6 X 4, or 54*4 c.c. of o*iN.KMn 0 4 . 

And 54*4 c.c. of o*iN.KMn 0 4 are equivalent to 54*4 X 0*0056 

grams of Fe. 

Therefore, the amount of total iron in 1 litre of the mixture is 


54*4 x 0*0056 x I ^ ^ ° , or 6-og grams, of total iron. 

(c) The Estimation of the Ferric Iron. In consequence, the 

amount of ferric iron in 1 litre of the mixture is (6*09-4*12), 

or i-Q7 gram, of ferric iron. . 

Thus, the solution contains 4' 12 grams of ferrous iron and 

i'97 grams of ferric iron per litre. 


on To Determine the Percentage of Water of 
Crystallization in Hydrated Potassium Oxalate. About 
2*5 grams of the oxalate are dissolved in distilled water and 
diluted to 250 c.c. Aliquot portions of this solution are 
acidified with excess of dilute sulphuric acid and titrated with 
o*iN.KMn 0 4 at a temperature of about 60 C., exactly as in 

the case of oxalic acid. 

For example, in an experiment, 2*415 grams of the pure 

crystalline oxalate were made up to 250 c.c. (i.e. 9-66 grams 

* \ a _ fifratinns. C.C. O J tlHS 
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solution required 25-2 c.c. of o-iNKMn 0 4 for complete 
oxidation. 

Now, 2KMn0 4 = 5(COOH) 2 = 5(COOK) 2 

anhydrous 

Therefore, 316 grams of KMn 0 4 = 830 grams of (COOK) 2 ; 
i.e. 1 litre of o-iN.KMn 0 4 = 8-3 grams of (COOK) 2 ; 

25-2 c.c. of o-iN.KMn 0 4 = 25-2x0-0083 of (COOK) 2 . 
Therefore, the weight of anhydrous potassium oxalate in 
1 litre of the solution is 


1000 


Therefore, 


25-2 x 0-0083 X — , or 8-36 grams, of (COOK) 2 . 

Now, 

Molecular weight of hydrated potassium oxalate _ 9-66 
Molecular weight of anhydrous potassium oxalate = 8^36' 

_M_ __ 9-66 

116 “ 8-36 ; 

i.e. the molecular weight of hydrated potassium oxalate, 
M = 134. And the weight of water of crystallization in 
I 34 grams of hydrated potassium oxalate is (134 — 116), or 
18 grams. 

Therefore, the percentage of water of crystallization in 
hydrated potassium oxalate is 

18 

— X 100, or 13-4%. 

Thus, one molecule of potassium oxalate is associated with 
18 , 

or one molecule, of water of crystallization. 


40. The Estimation of Hydrogen Peroxide. Hydro- 
gen peroxide (in aqueous solution) reacts with potassium 
permanganate, in the presence of sulphuric acid, liberating 
oxygen. Since two molecules of the permanganate are 
equivalent to five atoms of oxygen, it follows that two mole- 
cules of permanganate will also be equivalent to five molecules 

of hydrogen peroxide. The reaction is represented by the 
equation : 

2KMn0 4 +5H 2 0 2 +3H 2 S0 4 =K 2 S0 4 +2MnS0 4 +8H 2 0+50 2 . 

This reaction is remarkable for the fact that both the 
permanganate and peroxide, which are powerful oxidizing 
agents, reduce one another with the liberation of oxygen. 

In estimating the strength of a solution of hydrogen per- 
oxide, aliquot portions of the solution are acidified with dilute 
sulphuric acid and titrated with standard permanganate 
solution. 
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For example, 25-0 c.c. of a hydrogen peroxide solution 
required as a mean of three titrations, 23-5 c.c. of o-iN KMnO 

for complete reduction. 0 xiN.rvMnu 4 

- ^ ? mC x 1 n ? oIecules of permanganate are equivalent to 
5 molecules of hydrogen peroxide, it follows that 

316 grams of KMn 0 4 = 170 grams of H 2 0 2 . 
Therefore 1 litre of o-iN.KMn 0 4 = 17 grams of H 2 0 2 , 

and 23-5 c.c. of o-iN.KMn0 4 — 0-0017 x 2 3'5 of H 2 0 2 . 

Thus, the strength of the hydrogen peroxide solution in 
grams per litre is 


0-0017 x 23-5 x — - , or j* 59 grams. 

2 5 

41. The Determination of Metals by Means of 

Potassium Permanganate. There are two main methods 

by which metals may be estimated, using potassium perman- 
ganate : 

(1) The Determination of Metals which Form Insoluble 
Oxalates, e.g. calcium, barium, strontium ; in fact, nearly all 
metals, since only sodium, potassium, and ammonium oxalates 
are readily soluble in water. 

(2) The Determination of Metals which Form Insoluble 
Sulphides, e.g. (a), those sulphides which are precipitated 
from acid solution, viz. mercury, lead, bismuth, copper, 
cadmium, tin, silver, antimony, platinum, and gold. 

(b) Those metals which are not precipitated from acid 
solution but are precipitated by ammonium sulphide, viz. 
iron (though this metal would be estimated in the ordinary 
way as ferrous iron), cobalt, nickel, manganese, zinc, chromium 
and aluminium. 

It will thus be observed that we have a method of estimating 
almost any metal ; though, of course, in some cases, the 
method may not be extremely accurate : as, for example, 
with those metals which form oxalates or sulphides which 
are slightly soluble. In general, however, almost any metal 
may be estimated approximately, at least, by one of the above 
methods. An example based on each of these methods is 
given in the ensuing paragraphs. 

42. The Determination of Metals which Form 
Insoluble Oxalates. The method employed is to precipi- 
tate the insoluble oxalate by means of ammonium oxalate, 
and then decompose it with dilute sulphuric acid. The 
resulting oxalic acid is then estimated in the usual way with 
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standard potassium permanganate ; e.g. The Estimation of 
Calcium in Iceland Spar. A known weight of the Iceland 
Spar is placed in a beaker and dissolved in dilute sulphuric 
acid ; the beaker is covered with a watch-glass during this 
operation to prevent loss by spitting. A little ammonium 
chloride and then ammonium hydroxide are added until the 
solution is alkaline ; the calcium is then completely precipi- 
tated by the addition of ammonium oxalate solution. The 
solution is filtered, and the residue well washed with distilled 
water to free it from any ammonium oxalate which may be 
adhering to the precipitate ; the filter paper is then placed in 
a dish with dilute sulphuric acid and the calcium oxalate is 
decomposed into oxalic acid and calcium sulphate according 
to the equivalent : 

(COO) 2 Ca + H 2 S 0 4 = CaS 0 4 + (COOH) 2 . 

The insoluble calcium sulphate is filtered off, washed with 
distilled water, and the combined filtrate and washings 
diluted with distilled water to a suitable volume. Aliquot 
portions of this solution are then titrated with decinormal 
potassium permanganate solution at a temperature of about 
6o° C. The amount of calcium in the solution can then be 
calculated from the equivalents : 

2KMn0 4 = 5(COOH) 2 = 5 Ca. 

Therefore 31-6 grams of KMn 0 4 are equivalent to 20 grams 

of Ca, and 1 litre of o-iN.KMn 0 4 will be equivalent to 2-0 
grams of Ca. 

For example, suppose that 1-43 grams of Iceland Spar were 
taken, and, after solution in dilute sulphuric acid, precipitation 
with ammonium oxalate, and decomposition with dilute 
sulphuric acid, that the solution was diluted to 500 c.c. 

Suppose, also, that, as a means of three titrations, 50 c.c. 
of the diluted solution required 28-6 c.c. of o-iN.KMn 0 4 for 
complete oxidation. 

Then, since 1 litre of o-iN.KMn 0 4 is equivalent to 2-0 
grams of Ca, 28*6 c.c. of o-iM.KMn 0 4 will be equivalent to 
28-6 x 0-002, or 0-0572 grams of Ca. Therefore, 500 c.c. of 
the diluted solution will contain 0-572 grams of Ca. Thus 
the percentage of calcium in Iceland Spar is 

0-572 

— X 100, or 4 o%. 

N.B. — This method of determination could also be employed 
with most metals, excepting sodium and potassium, unless a 
better special method is in existence. 
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43. The Estimation of Metals which Form Insoluble 
Sulphides. This method is subdivided into two classes of 
determinations : 

(a) those metals which form sulphides insoluble in acid 
solution, and 

(b) those metals which form sulphides soluble in acids 
(see §41). 

(a) The Determination of Lead in Lead Nitrate as an Example 
of a Metal which Forms a Sulphide Lnsoluble in Acid Solution. 
A known weight of pure crystalline lead nitrate is diluted to 
a convenient volume with distilled water ; this solution is then 
warmed and saturated with dry hydrogen sulphide from a 
Kipp’s apparatus, black lead sulphide being precipitated 
according to the equation : 

Pb(N 0 3 ) 2 + H 2 S ^ PbS + 2HNO3. 

The lead sulphide is separated by filtration. Since the 
reaction is reversible to some extent, the filtrate is again 
saturated with hydrogen sulphide and any precipitated lead 
sulphide filtered off ; this operation must be repeated until 
no more lead sulphide is precipitated from the filtrate. The 
collected precipitates are then allowed to react with excess 
of ferric sulphate solution ; in this way the ferric sulphate 
is reduced to ferrous sulphate solution according to the 
equation : 

PbS + Fe 2 (S 0 4 ) 3 = PbS 0 4 + 2FeS0 4 + S. . 

The precipitated sulphur and the insoluble lead sulphate are 
separated by filtration, the residue being thoroughly washed 
with distilled water, and the combined filtrate and washings 
are then acidified with dilute sulphuric acid and titrated with 
decinormal potassium permanganate. The amount of lead 
in the solution is calculated from the equivalents : 

2KMn0 4 = ioFeS 0 4 = 5Pb. 

Thus 31*6 grams of KMn 0 4 are equivalent to 103-5 grams 
of Pb ; he. 1 litre of o-iN.KMn 0 4 is equivalent to 10-35 g» ms 


For example, in an experiment, 5*17 °/ lead mtrate 

were dissolved in distilled water and diluted to 250 c.c. 
After being completely converted to lead sulphide and 
reacting with excess of ferric sulphate solution, the resulting 
ferrous iron solution was diluted to 500 c.c. Suppose also, 
that as a mean of three titrations, 50 c.c. of the ferrous iron 
solution required 31-3 c.c. of o-iN.KMn 0 4 for complete 

oxidation. 
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Then, since I litre of o-iN.KMn 0 4 is equivalent to 10-35 
grams of Pb, 31-3 c.c. of o-iN.KMn 0 4 are equivalent to 
31-3 X 0-01035, or 0-324 grams, Pb. 

Therefore, the percentage of lead in lead nitrate is 

0-324 ^ 

X 100, or 62- 7%. 

5-17 

N.B. — This same method may be employed for the estima- 
tion of mercury, bismuth, cadmium, copper (though a better 
method is available for this metal ; see next section, §44), 
silver, tin, antimony, arsenic, platinum, and gold. 

(b) The Estimation of Zinc in Zinc Sulphate as an Example 
of a Metal which Forms a Sulphide Soluble in Acid Solution. 
In the case of a metal which forms a sulphide soluble in acid 
solution the procedure is along the same lines as in the previous 
determination, with the additional precaution that the salt 
solution must be made alkaline with ammonium hydroxide 
solution. In the case of zinc the zinc sulphate solution is 
made thoroughly alkaline with NH 4 OH and kept alkaline 
while it is being saturated with the hydrogen sulphide. The 
zinc is then all precipitated as zinc sulphide. The precipitate 
of ZnS is treated in exactly the same way as the PbS in the 
previous determination, and the reduced ferric sulphate 
solution is diluted and titrated with decinormal potassium 
permanganate solution in the usual way. The amount of 
zinc in the solution is calculated from the equivalents : 

2 KMn 0 4 = ioFe = 5Zn. 

Thus, 31-6 grams of KMn 0 4 are equivalent to 32-7 grams 

of Zn ; i.e. 1 litre of o-iN.KMn 0 4 is equivalent to 3-27 grams 
of zinc. 

The calculation then proceeds in exactly the same wav as 
in the estimation of lead. 

44 - The Determination of Copper by Means of 
Potassium Permanganate. We have seen that copper may 
be determined by precipitating all the copper in a soluble 
copper salt as the insoluble sulphide, and then allowing it to 
react with excess of ferric sulphate solution and estimating 
the resulting ferrous sulphate in the usual way. There is, 
however, another common method employing potassium 
permanganate, by which this metal can be determined : 

By the Replacement Method with Zinc. The method is 

ased upon the fact that a more electro-positive metal, such 
as zinc, will always replace copper in a solution of a copper 
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salt. Where zinc is employed the reaction is expressed by the 
equation : 

CuS 0 4 + Zn = ZnS 0 4 + Cu. 

Method. A known weight of pure, crystalline copper 
sulphate, CuS 0 4 . 5 H 2 0 , is dissolved in water and diluted to a 
convenient volume. A moderately large piece of pure zinc 
foil (free from arsenic, iron, etc.) is added to the copper 
solution, and, when the blue colour of the solution has dis- 
appeared all the copper will have been precipitated in the 
metallic condition. Confirmation of the completeness of the 
reaction may be obtained by testing the solution with a drop 
of potassium ferrocyanide solution on a white tile : if copper 
is still unreplaced in the solution, a brown colour will be 
observed, and the reaction must be continued until this test 
gives a negative result. The excess zinc is then dissolved by 
adding dilute sulphuric acid, and the copper is carefully 
filtered, well washed with distilled water, and dissolved in a 
mixture of ferric sulphate and sulphuric acid. The ferric 
sulphate is slowly reduced to the ferrous state according to the 
equation : 

Cu + Fe 2 (S 0 4 ) 3 = CuS 0 4 + 2FeS0 4 . 

The solution is then diluted to a suitable volume, and the 
ferrous iron determined in the usual way with decinormal 
potassium permanganate. The amount of copper is calcu- 
lated from the equivalents : 

2KMn0 4 = ioFe = 5Q1. 


Therefore, 31*6 grams of KMn 0 4 are equivalent to 31-8 
grams of copper, i.e. 1 litre of o-iN.KMn 0 4 is equivalent to 

3* 18 grams of copper. 

For example, in an experiment, 4-04 grams of copper 
sulphate, CuS0 4 .5H 2 0, were dissolved in water, and after 
the copper had been totally replaced by zinc, and digested 
with ferric sulphate and sulphuric acid, the resulting solution 
containing the ferrous sulphate was diluted to 250 c.c. with 
distilled water. It was found, as a mean of ^eihtrahons, 
that 25 c.c. of this solution required 32*5 c.c. of o*iN.KMnU 4 

f °Then iP since* T^treof 0-iN.KMnO, is equivalent to 3-18 
of Cu! it follows that 32-5 c.c. of o-iN KMn 0 4 are 

fnuivalent to 0-00318 X 32-5. ° r °' I0 34 gram, of Cu. 
q Therefore, 250 c.c. of the reduced solution contain 1-034 

grams of Cu. 
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Thus, the percentage of copper in crystallized copper 
sulphate is 

1*0^4 

— — x 100, or 25-6%. 

4-04 J /0 

45. The Estimation of Available Oxygen in Man- 
ganese Oxides. The ‘ available oxygen ’ in an oxide of 
manganese is the amount of oxygen which is liberated for 
oxidizing purposes when the oxide is decomposed by acids. 
There are two main methods of determining this available 
oxygen : 

(a) By decomposing the oxide with HC 1 and allowing the 
evolved chlorine to liberate its equivalent of iodine, which is 
then determined by titration with standard sodium thio- 
sulphate (see § 75) ; or 

(b) By decomposing the oxide with H 2 S 0 4 in the presence 
of a measured excess of oxalic acid or ferrous sulphate. The 
amount of oxygen which has oxidized either of these com- 
pounds can then be determined by titration with standard 
potassium permanganate. 

The liberation of oxygen, in the cases of the two common 
ores, is expressed by the reactions : 

2Mn0 2 + 2H 2 S0 4 = 2MnS0 4 + 2 H 2 0 + 0 2 , 
or 2Mn 2 0 3 + 4 H 2 S 0 4 = 4 MnS 0 4 + 4H 2 0 + 0 2 . 

In the case of pyrolusite, Mn 0 2 , the oxidation of the oxalic 
acid or the ferrous sulphate takes place according to the 
equations : 

Mn 0 2 + (COOH) 2 + H 2 S 0 4 = MnS 0 4 + 2 H 2 0 + 2 C 0 2 , 

and 

Mn 0 2 + 2 FeS 0 4 + 2 H 2 S 0 4 = Fe 2 (S 0 4 ) 3 +MnS 0 4 + 2 H 2 0 ; 

and in the case of the manganese sesquioxide, the respective 

reactions are represented by the equations : 

Mn 2 0 3 + (COOH) 2 + 2 H 2 S 0 4 = 2 MnS 0 4 + 3 H 2 0 + 2 C 0 2l 
and 2 

Mn A°; + 2FeS 04 + 3H 2 S0 4 = Fe 2 (S0 4 ) 3 + 2 MnS0 4 + 3 H 2 0. 

Method 1. By the Oxidation of Oxalic Acid. About 0-5 
gram of the finely powdered oxide is taken together with a 
measured excess of decinormal oxalic acid solution (say 
200 c.c.), and then heated with dilute sulphuric acid until all 
the ore has been decomposed ; the temperature, during this 
operation, should not be allowed to rise above 8o° C. If a 
white precipitate is observed when the reaction is completed 
this is probably due to insoluble silicates associated with the 
manganese ore, and may be neglected. The solution is 
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allowed to cool, diluted to a suitable volume, and aliquot 
portions are titrated with decinormal potassium permanganate 
solution at a temperature of about 6o° C. 

For example, suppose that the solution contained 0-523 
gram of pyrolusite (Mn 0 2 ), with 200 c.c. of o-iN. oxalic acid, 
and that, after oxidation with dilute sulphuric acid, the 
resulting solution was diluted to 500 c.c. Further, 100 c.c. of 
this solution required, as a mean of three titrations, 30-0 c.c. 
of o-iN.KMn 0 4 to completely oxidize the excess oxalic acid. 

Then, 500 c.c. of the solution would require 30-0 X 5, or 
150 c.c. of o-iN.KMn 0 4 . 

Therefore, the volume of o-iN. oxalic acid oxidized by 
the oxygen liberated from the manganese ore is (200 — 15°) » 
or 50 c.c. 

Now, Mn 0 2 = (COOH) 2 

87 

Thus 8-7 grams of Mn 0 2 are equivalent to 1 litre of o-iN. 

oxalic acid. # . 

Therefore, 5 ° c.c. o-iN. oxalic acid are equivalent to 

0-0087 x 50, or 0-475 gram, of Mn 0 2 . 

Thus, the percentage of Mn 0 2 in -the sample of pyrolusite 


is 


47 ^_ or 00-8%. The answer may be expressed that the 


pyrolusite contains 90-8% of Mn 0 2 , or it may be put in terms 

of oxveen directly. _ t 

Thus since 87 grams of pure Mn 0 2 liberate 16 grams of 

‘ available oxygen it follows that 1 gram of the pyrolusite 
will liberate 0-908 X or 0-167 gram, of ' available oxygen 

Method 2. By the Oxidation of Ferrous Sulphate The 
manganese dioxide must first of all be dried in the steam 
oven About 1 gram of the dioxide is then finely crashed, 
weighed accurately, and added to a solution containing a 
known weight of ferrous ammonium sulphate and excess o 
dilute sulphuric acid. The mixture is heated gently unti 
all the ore P has dissolved (here, again, a white precipitate of 
insoluble siliceous matter may be neglected). The solution 
is cooled, the flask being fitted with a bunsen valve to prevent 
the entrance of atmospheric oxygen (though the risk ol 
oxidation is not so great when ferrous ammonium sulphate 

employed as it wfuld be with ordinary ferrous sulphate 
it is best to be absolutely certain), and the solution is then 
dUuted with air-free distilled water to a suitable volume. 
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Aliquot portions of this solution are titrated with o-iN.KMn 0 4 
and the excess ferrous iron estimated. In this reaction 

MnO z — 2Fe 
87 112 • 

Thus 87 grams of Mn 0 2 are equivalent to 112 grams of Fe. 

For example, suppose that 0-976 grams of ore were taken. 

The weight of ferrous ammonium sulphate was 16-45 grams, 

. 16-45 

Le - — » or 2-35 grams, of ferrous iron (see § 35). 

After the oxidation had been completed the solution was 

diluted to 500 c.c. with air-free distilled water, and, as a mean 

of three titrations, 50 c.c. of the diluted solution required 

21-7 c.c. of o-iN.KMn 0 4 for the complete oxidation of the 
residual ferrous iron. 

Therefore, 500 c.c. of the diluted solution would reauire 
217 c.c of o-iN.KMn 0 4 . 4 

But 217 c.c. of o-iN.KMn 0 4 are equivalent to 0-0056 x 217 
or 1-215 gram, Fe. 

Therefore, (2-35 - 1-215), or 1-135 grams, of Fe have been 

oxidized by the manganese peroxide from the ferrous to the 
iemc condition. 


But 1-135 grams of Fe are equivalent to — x 1-135, or 
0-888 gram, Mn 0 2 . 112 


Therefore, the percentage of Mn0 2 in the ore is °-- 8 x 100 

0 # Q76 * 

or 90-9% Mn 0 2 ; i.e. the ‘ available oxygen ’ in 1 gram of 
the manganese dioxide is 0-909 x or 0-168 gram. 

THE Estimation of Nitrites. The estimation is 
A u P° n th ® fact that nitrites are decomposed by dilute 
acids with the formation, in solution, of nitrous acid ; e.g. 

2 NaN 0 a + H 2 S 0 4 = Na 2 S 0 4 + 2 HN 0 2 . 

he nitrous acid formed is extremely unstable and splits ud 

wate r m vi ^ te S ° luti0ns ' int0 n ^ic acid, nitric oxfde. and 

3HN0, = HNO, + 2NO + H 2 0 . 

Care must therefore be taken to keep the solution as cool 

that ° S the e ; 're d “ y S ? eU of oxides ° f nitrogen will show 

however 6 tha 'Z T? “■ ^ ing de ^posed. Provided, 

that the solution is kept cool, and as lone as other 

oxidizable compounds are absent, the 'nitrous add may be 
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estimated by titration with standard potassium perman- 
ganate. The reaction proceeds according to the equation : 

2KMn0 4 + 3H 2 S0 4 + 5HN0 2 = K 2 S 0 4 + 2MnS0 4 + 

5HNO3 + 3 h 2 o. 

The nitrous is thus oxidized to nitric acid by the perman- 
ganate. 

In the reaction 2KMn0 4 = 5HNO2 

316 235 

Therefore, i litre of o-iN.KMnO, is equivalent to 2-35 

erams of HN 0 2 . ■ 

Example. To Determine the Percentage of Pure KNO ? 1 n 

Potassium Nitrite. A known weight of stick potassium 
nitrite is dissolved in water and made up to a. convenient 
volume with distilled water, and aliquot portions ot this 
solution are titrated with decinormal potassium perman- 
ganate solution. This titration must be earned out with 
great care 25 c.c. of the nitrite solution are transferred to a 
small flask and about 10 c.c. of the decinormal permanganate 
are run in from the burette ; a few drops of dilute sulphuric 
acid are then added and the mixture shaken gently. Unless 
the nitrite solution is very dilute the permanganate will be 
decolorized More KMnO„ is then run in in small quantities, 
allowing the mixture to stand for some time after each 
addition until a faint pink colour persists; more dilute 
sulphuric acid must also be added if necessary, and great car 
must be taken to ensure that no nitric oxide is liberated in 
the titration As the reduction is extremely slow, as the 
end-point ' is approached, considerable judgment is required 
in adding the KMn 0 4 , and in allowing the mixture to stand 
between the additions of the KMn 0 4 . Three accurate, 
concordant results are obtained and the percentage of KN 0 2 
in the nitrite calculated from the equivalents : 

2 KMn 0 4 = 5 hn °z = 5KN0 2 
316 4 2 5 

Thus, 1 litre of o-iN.KMn 0 4 is equivalent to 4-25 grams 

° f Frrr ^example in an experiment, 2-123 grams of stick 

^nSfsium nitrite were dissolved in distilled water and made 
potassium mtnte concordant titrations, 

25 ex. of the nitrite solution required 25-6 c.c. of o-iN.KMn 0 4 
f0 Vh 0 en, P s?n e ce“ d htre n of o-iN.KMn 0 4 is equivalent to 4^5 
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grams of KN 0 2 , 25-6 c.c. of o-iN.KMn 0 4 will be equivalent 
to 25*6 x 0-00425, or 0-109 gram, of KN 0 2 . 

Therefore, the amount of KN 0 2 in 500 c.c. of the solution 
500 

is 0-109 X — , or 2-076 grams. 

Thus the percentage of KN 0 2 in the potassium nitrite is 

2-076 


2-123 


X 100 , or 97*5%. 


47. The Determination of Persulphates. The salts 
of any of the persulphuric acids may be estimated either by 
allowing them to react with potassium iodide and titrating 
the liberated iodine with standard sodium thiosulphate (see 
§ 72), or by allowing them to oxidize a ferrous salt to the ferric 
state and then estimating the change by means of standard 
potassium permanganate. 

The reactions of the persulphuric acids with ferrous sulphate 
are as follow : 

Permonosulphuric acid : 

H 2 S 0 5 + 2 FeS 0 4 = Fe 2 (S 0 4 ) 3 + H 2 0 . 
Perdisulphuric acid : 

H 2 S 2 0 8 + 2FeS0 4 = Fe 2 (S 0 4 ) 3 + H 2 S 0 4 . 

It will be observed that, in each case, the molecular weight 
of the persulphuric acid will oxidize 2 X 56, or 1 12 grams, of 
iron from the ferrous to the ferric condition. 

Method.. A given volume of the persulphate solution (or a 
known weight of a persulphate dissolved in a suitable volume 
of water *) is allowed to react with a measured excess of ferrous 
ammonium sulphate in the presence of a sufficiently large 
volume of dilute sulphuric acid. The solution is then cooled, 
diluted to a convenient volume, and aliquot portions of this 
solution are titrated with o-iN.KMn 0 4 . 

Example. A solution of sodium hydrogen sulphate in 
cold sulphuric acid was electrolyzed, with the formation of 

sodium perdisulphate. The formation of this salt occurs in 
the following manner : 

The acid sodium sulphate is ionized : 


NaHS 0 4 ^ Na + HS 0 4 . 

The HS 0 4 ions are discharged at the anode, and, as the 

* The solution is very unstable and must be kept cold. 
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concentration of the ions is quite high, two HS 0 4 groups 
combine to form perdisulphuric acid, viz. : 

2HSO4 = H 2 S 2 0 8 . 

The sodium salt of this acid, Na 2 S 2 0 8 , is then formed as a 
secondary product. 

It is required to find the amount of sodium perdisulphate 
formed in the reaction. 

Method. 100 c.c. of the electrolyzed solution were trans- 
ferred, by means of a pipette, to a small flask containing 
11-620 grams of pure recrystallized ferrous ammonium 
sulphate dissolved in dilute sulphuric acid ; i.e. the solution 

11*620 

contained , or i-66o grams, of iron in the ferrous state 

7 

(see § 35). The mixture was warmed gently, cooled, and 
diluted to 250 c.c. As a mean of three titrations, it was 
found that 25 c.c. of this solution required 18-3 c.c. of 
o-iN.KMn 0 4 for complete oxidation. Therefore, 250 c.c. of 
the solution would require 183 c.c. of o-iN.KMn 0 4 for 
complete oxidation. 

And 183 c.c. of o-iN.KMn 0 4 are equivalent to 183 x 0-0056, 

or 1-025 gram, Fe. , , 

Therefore, (i-66o — 1-025), or 0-635 gram, Fe has been 

oxidized from the ferrous to the ferric state, 

and H 2 S 2 0 8 = Na 2 S 2 0 8 = 2Fe 

238 112 

i.e. 112 grams Fe are equivalent to 238 grams of Na 2 S 2 0 8 . 

0 2^8 
Therefore, 0-635 gram Fe is equivalent to — X 0-635 

grams Na 2 S 2 0 8 , and this amount of Na 2 S 2 0 8 was contained 
in 100 c.c. of the electrolyzed solution ; therefore, 1 litre of 
the sodium hydrogen sulphate solution would give, on electro- 
lysis, — X 0-635 X 10, or 16-0 grams, of sodium perdisulphate. 

In a similar manner the amount of permonosulphuric acid, 
H 2 S 0 6 , in a solution, could be estimated, and, in general, 
any oxidizing agent may be determined by allowing it to 
react with a known excess of ferrous ammonium sulphate 
and then determining the residual ferrous iron by titration 
with standard potassium permanganate. The oxidizing 
agent in question, however, must not be contaminated by 

traces of other oxidizing agents. 
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48. The Oxidizing Action of Potassium Perman- 
ganate in Alkaline or Neutral Solution. In alkaline 
or neutral solution, potassium permanganate is reduced to a . 
hydrated form of manganese dioxide, and two molecules of 
the permanganate yield three atoms of ‘ available oxygen \ 
The reaction may be represented by the equation : 

2KMn0 4 + H 2 0 = 2Mn0 2 + 2KOH + 3O. 

Since potassium permanganate is derived from dimanganese 
heptoxide, the reduction may be represented as follows : 

Mn 2 0 7 -> 2Mn0 2 -j- 3O. 

It will be noticed, from the first equation, that, even if the 
solution is neutral at the start, it becomes alkaline as the 
reaction proceeds owing to the formation of KOH. It is only 

necessary, however, to have a strictly neutral solution in rare 
cases. 

In such a case the solution is kept neutral by the addition 
of magnesium sulphate, which forms insoluble magnesium 
hydroxide, with the KOH formed during the oxidation. 

The Determination of Formic Acid. The most frequent 
determination made with KMn 0 4 in alkaline solution is that 
of Formic Acid. If the formic acid is converted into sodium 
formate by the addition of excess of sodium carbonate it is 
oxidized to carbon dioxide ; the reaction may be represented 
by the equation : 

2KMn0 4 + 3H.COOH = 2KOH -f- 2 Mn 0 2 + 2H 2 0 + 3C0 2 . 

The essential reaction may therefore be represented by the 
equation : 

H.COOH + 0 -> H 2 0 + C 0 2 . 

It is preferable, where KMn 0 4 is used in alkaline solution 

to express the strength directly in grams per litre and not in 
terms of normality. 

For example, an ordinary decinormal solution of KMn0 4 as 

used for oxidation purposes in acid solution would not be a 

oecinormal solution for oxidation in alkaline solution (see S 

ihe strength of the formic acid can then be determined from 
the equivalents : 

2 KMn 0 4 = 3H.COOH 
316 138 

For example, in an experiment to determine the percentage 
strength of a solution of formic acid, 9-50 grams of the con- 
centrated formic acid were diluted to 250 c.c. with distilled 
water. Hot , aliquot portions of 25 c.c. of this solution were 
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then titrated very slowly with KMn 0 4 solution containing 
31-6 grams of KMn 0 4 per litre. As a mean of three titra- 
tions, it was found that 28-5 c.c. of the permanganate solution 
were required to completely oxidize the formic acid. 

Now, 316 grams of KMn 0 4 are equivalent to 138 grams 
of H.COOH, 

28*5 x 0*0316 grams of KMn 0 4 are equivalent to 

—y X 28*5 X 0*0316, or 0*393 gram, of H.COOH. 

31:6 

Therefore, 250 c.c. of the diluted formic acid solution 
contain 3*93 grams of H.COOH. 

Thus the percentage of H.COOH in the sample of formic 

acid is 

—93 x IO o, or 41-4%, H.COOH. 

9*50 


SUGGESTED EXPERIMENTS ON CHAPTER III 

1. Given a decinormal solution of potassium permanganate, 
determine the percentage purity of a specimen of iron wire. 

2. By means of decinormal potassium permanganate solution 

determine the percentage of iron in iron alum. , , 

O, You are provided with a solution of a ferric salt, and are asked 

to reduce it to the ferrous state with zinc and sulphuric acid. At ten 
minutes’ intervals, during the reduction, withdraw aliquot portions of 
the solution, and titrate with decinormal potassium permanganate. 
From the titration values determine the percentage of ferric salt 
reduced to the ferrous state. Plot your results in the form of a curve. 

N b —The actual strength of the ferric solution need not be known . 
the ferric solution is titrated with the permanganate at the conimence- 
ment of the reaction (in case there is any ferrous salt present) and the 
titration value called n 0 ; the values of n v n 2 , etc., can then be taken 
as proportional to the amount of ferrous salt formed. 

4 Prepare a cold solution of hydrogen peroxide by treating barium 
peroxide with excess of dilute sulphuric acid. Estimate the strength 
of the solution in grams per litre, by means of decinormal potassium 

Pe c ma Givendecinormal potassium permanganate, find the strength, in 
crams per c.c., of the ordinary ‘ 20 volume ' hydrogen peroxide. 
g 6 You are provided with a decinormal solution of oxalic acid, and 
are asked to determine the percentage purity of commercial potassium 

pcrman^n^ean^of decinormal potassium permanganate determine 
the number of molecules of water of crystallization m (a) hydrated 
nv .i.v ~ r \A and (h) ferrous ammonium sulphate. 

8 You are provided with pure barium carbonate, dilute sulphuric 
acid, ammonium oxalate solution, and decinormal potassium perman- 
ganate Find the percentage of barium in the carbonate. ... 

g 9. Given decinormal potassium permanganate, a hydrogen sulphide 
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apparatus, and Fe 2 (S 0 4 ) 3) find the percentage of cadmium in anhydrous 
cadmium chloride. 

10. Given the same reagents as in experiment 9, determine the 
percentage of nickel in nickel sulphate. How does the determination 
differ from the preceding estimation ? 

11. You are provided with pure zinc-foil, recrystallized cupric 
chloride, decinormal ferric sulphate (in 2N. sulphuric acid solution), 
and decinormal potassium permanganate. Find the percentage of 
copper in the cupric chloride. 

12. Potassium nitrate, when heated strongly, decomposes into 
potassium nitrite and oxygen, according to the equation : 

2KNO3 = 2KN0 2 + o 2 . 

Heat about 2 grams of pure potassium nitrate in a crucible for about 
half an hour, cool, and dissolve the residue in distilled water, and dilute 
to a convenient volume. By means of decinormal potassium perman- 
ganate determine how far the decomposition of the nitrate has 
proceeded. 

13. You are provided with decinormal solutions of oxalic acid and 
potassium permanganate, and are asked to determine the percentage 
of manganese in pure manganese dioxide. 


CHAPTER IV 


VOLUMETRIC ESTIMATIONS BASED UPON OXIDATION 

AND REDUCTION METHODS (Part 2) 

POTASSIUM DICHROMATE 


49. Potassium dichromate, K 2 Cr 2 0 7 , like potassium per- 
manganate, reacts in acid solution as an oxidizing agent. 
Actually, one molecule of the dichromate liberates three atoms 
of ' available oxygen ’ ; e.g. 

K 2 Cr 2 0 7 + 4H 2 S0 4 = K 2 S0 4 + Cr 2 (S0 4 ) 3 + 4H 2 0 + 3O. 

The dichromate is thus reduced to potassium sulphate (derived 
from potassium monoxide, K 2 0), and chromic sulphate 

(derived from chromium sesquioxide, Cr 2 0 3 ). 

We may, however, regard potassium dichromate as com- 
posed of two oxides, potassium monoxide, K 2 0, and chromic 
anhydride, Cr 2 0 6 , viz. : 

K 2 Cr 2 0 7 = K 2 0 + Cr 2 0 6 ; 

and, since chromic sulphate, Cr 2 (S0 4 ) 3 , is the salt correspond- 
ing to the oxide Cr 2 0 3 , we may represent the reduction of 
potassium dichromate by the equation : 

Cr 2 0 6 -> Cr 2 0 3 + 3^. 

Thus, K 2 Cr 2 0 7 = 3O — 6H, 

i e the chemical equivalent of potassium dichromate, when 
used as an oxidizing agent in acid solution, is equal to one-sixth 
the molecular weight. A normal solution of K 2 Ur 2 U 7 will 

therefore contain or 49-0 grams, of K 2 Cr 2 0 7 per litre. 

1 litre of normal potassium dichromate^ solution will, thus, 
liberate 8-o grams of ' available oxygen \ 


<0 The Standardization of Potassium Dichromate. 
As in the case of potassium permanganate, decinormal 
solutions of this reagent are generally used in a defamation. 
In order to prepare an approximately decmormal solution of 
TC Cr O about 6 grams of the pure dichromate are dned 
by heating gently in a porcelain dish until the solid just fuses, 
and then powdered in a dry mortar. About 5 grams of the 
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powdered salt are then weighed accurately and dissolved in 
distilled water and diluted to i litre. 

This solution is then standardized by means of ferrous 
ammonium sulphate. The reaction takes place according to 
the equation : 

K 2 Cr 2 0 7 + 6 FeS 0 4 + 7H 2 S0 4 = K 2 S 0 4 + Cr 2 (S 0 4 ) 3 + 

3Fe 2 (S0 4 ) 3 + 7 h 2 0 ; 

and since i litre of decinormal potassium dichromate is 
equivalent to 8-0 grams of oxygen, it will also be equivalent 
to 5*6 grams of iron. Thus i c.c. of o-iN.K 2 Cr 2 0 7 will 
oxidize 0-0056 gram of iron from the ferrous to the ferric 
state. 

Method. A known weight of ferrous ammonium sulphate 

is dissolved in air-free distilled water and diluted to a con- 

___ • 

venient volume. Then the amount of iron in the solution will 
be equal to one-seventh the weight of salt taken (see § 35). 
Aliquot portions of this solution are acidified with dilute 
sulphuric acid and titrated with the approximately deci- 
normal dichromate using a dilute solution of pure potassium 
ferricyanide (free from the ferrocyanide) as an external 
indicator. A number of drops of the indicator are placed 
on a white tile, and, at frequent intervals, a drop of the 
reacting solutions is withdrawn on a glass rod and brought 
into contact with the indicator : as long as any ferrous salt 
is present a blue coloration will be produced owing to the 
formation of ferric-ferrocyanide (Turnbull's blue), but, as the 
titration proceeds, the blue colour becomes less and less until, 
when all the ferrous iron has been oxidized to the ferric state, 
no blue coloration is observed : this stage marks the * end-point ’ 
of the reaction. 

For example, suppose that 9-87 grams of pure, recrystal- 
lized ferrous ammonium sulphate were dissolved in air-free 
distilled water and diluted to 250 c.c., and, that, as a mean of 
three titrations, 25 c.c. of this solution required 23-8 c.c. of 
the approximately decinormal K 2 Cr 2 0 7 for complete oxida- 
tion to the ferric state, in the presence of excess of dilute 
sulphuric acid. 

Then, 250 c.c. of the iron solution would require 238 c.c. of 

the K 2 Cr 2 0 7 , but 250 c.c. of the iron solution contain 

, _ 7 

or 1*41 grams, of Fe. 

Now, 5-6 grams of Fe are equivalent to 1 litre of 
o-iN.K a Cr a 0 7 . 
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Therefore, 1-41 grams of Fe are equivalent to — — x 1*41, 
or 252 c.c. , of o-iN.K 2 Cr 2 0 7 . 

Therefore, (252 — 238), or 14 c.c., of water must be added 
to every 238 c.c. of the dichromate solution in order to make 
it accurately decinormal ; i.e. 1 litre of the dichromate 
solution in order to make it accurately decinormal ; i.e. 1 litre 
of the dichromate solution will require the addition of 


14 X 1000 
2 38 

decinormal. 


or 59 c.c., of water in order to make it accurately 


51. Determinations Involving the Use of Potas- 
sium Dichromate. Potassium dichromate solution may be 
employed for any estimation based upon the oxidation of 
ferrous iron to the ferric state, but, otherwise, its use is not 
so varied as that of potassium permanganate : for example 
oxalic acid and oxalates cannot be titrated with it. The 
solution is, however, much more stable than potassium 
dichromate : it has no action on rubber, and can be used in 
the presence of hydrochloric acid ; in fact, whenever ferrous 
iron has to be estimated in the presence of chlorides potassium 
dichromate must always be used in preference to the perman- 
ganate. Tin and chromium are among the metals commonly 
determined by standard potassium dichromate solution. 

52. The Estimation of Ferrous Salts. The amount 
of iron in a ferrous salt can be estimated by employing deci- 
normal K 2 Cr 2 0 7 solution in a manner similar to the standard- 
ization of the dichromate with ferrous ammonium sulphate ; 

The Estimation of Iron in Ferrous Chloride. An accurately 
known weight of ferrous chloride is dissolved in air-free 
distilled water and diluted to a convenient volume. Aliquot 
portions of this solution are acidified with dilute HC 1 and 
titrated with o-iN.K 2 Cr 2 0 7 solution, using a dilute solution 
of potassium ferricyanide as an external indicator (see § 50). 
The ferrous iron is then calculated from the basis that 1 litre 
of o-iN.K 2 Cr 2 0 7 is equivalent to 5-6 grams of iron. 

For example, in an experiment, 2-860 grams of ferrous 
chloride were made up to 250 c.c. As a mean of three tifr^.“ 
tions, 25 c.c. of this solution, acidified with dilute HC 1 , 
required 22-5 c.c. of o-iN.K 2 Cr 2 0 7 for complete oxidation to 

the ferric state. „ ^ . . . , , ^ , 

Then, since 1 litre of o-iN.K 2 Cr 2 0 7 is equivalent to 5-6 
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grams of Fe, 22*5 c.c. of o-iN.K 2 Cr 2 0 7 will be equivalent to 
0-0056 x 22-5, or 0-126 gram, Fe. 

Thus, 250 c.c. of ferrous chloride solution contain 1-26 
grams of Fe. 

Therefore, the percentage of iron in ferrous chloride is 

1-26 n/ 

X I00 ’ ° r 44 /o ' 

53. The Estimation of Ferric Salts. Ferric salts may 
be determined by means of standard potassium dichromate 
solution in a manner similar to the determination of ferric 
salts by standard potassium permanganate. The ferric salt 
is reduced to the ferrous salt and the estimation then proceeds 
as in the case of a ferrous salt. The best methods of reduction, 
however, are different from those employed in the case of 
potassium permanganate. Sulphur dioxide and hydrogen 
sulphide may be used, but only with dilute solutions, and the 
zinc and acid method must not be employed since the zinc 
dissolved in the solution would react with the potassium 
ferricyanide forming zinc ferricyanide with the consequent 
obscuration of the * end-point ' of the reaction. There are, 
however, two methods of reduction where standard K 2 Cr 2 0 7 
is to be employed which are eminently suitable : (a) by 

means of stannous chloride solution, and (6) with alkaline 
ammonium bisulphite solution. 

(a) Reduction by Means of Stannous Chloride Solution. 
Stannous chloride solution will reduce a ferric salt to the 
ferrous state according to the equation : 

- 2FeCl 3 -f- SnCl 2 = 2FeCl 2 + SnCl 4 . 

Method. Aliquot portions (25 c.c.) of the ferric iron 
solution, acidified with dilute HC 1 , are diluted to 100 c.c. 
and heated to boiling over a small flame. The stannous 
chloride solution, which should be quite clear and freshly 
prepared, is added slowly until the yellow colour of the ferric 
chloride just disappears : the NH 4 CNS test must also be made 
(see § 37). It is very important that only a slight excess of the 
stannous chloride should be added since the stannous chloride 
reacts with the potassium dichromate and the titration would 
be affected if excess SnCl 2 were present. The slight excess 
must, therefore, be removed by the addition of a few drops 
of mercuric chloride solution which precipitates mercurous 
chloride which does not affect the titration, and oxidizes the 
stannous chloride to stannic chloride which has no effect on 
the dichromate : 

SnCl a + 2HgCl 2 = Hg 2 Cl 2 + SnCl 4 . 
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The reduced solution is now titrated with OTN.K 2 Cr 2 0 7 
solution and the iron estimated as in the determination of a 
ferrous salt. 


(b) Reduction by Means of Alkaline Ammonium Bisulphite 
Solution. The feme iron solution is acidified with dilute 
HC 1 , heated to boiling over a small flame, and diluted to a 
convenient volume. Ammonium hydroxide is then added to 
the solution until it is slightly alkaline when a reddish-brown 
precipitate of ferric hydroxide will begin to appear. This 
precipitate is redissolved by the addition of one or two drops 
of dilute HC 1 . About 15 c.c. of a strong solution of ammonium 
bisulphite, (NH 4 )HS 0 3 , are added, and the solution is well 
shaken and heated to boiling ; the same volume of strong 
sulphuric acid diluted with its own volume of water is then 
added to the heated solution and the boiling is continued for 
about twenty minutes to expel all the sulphur dioxide. The 
solution is then cooled quickly, and diluted to a convenient 
strength with air-free distilled water. Aliquot portions of 
this solution are titrated with 0TN.K 2 Cr 2 0 7 solution, using 
potassium ferricyanide as an external indicator, and the iron 
estimated as in the determination of a ferrous salt. 

For example : . 

To Determine the Percentage of Iron in Ferric Chloride. 
3*83 grams of pure ferric chloride were dissolved in distilled 
water and diluted to 250 c.c. Portions of 25 c.c. of this 
solution were acidified with dilute HC 1 , diluted to 100 c.c., 
and heated to boiling. SnCl 2 solution was then added slow y 
until the NH 4 CNS test showed that no ferric iron was present ; 
the small excess of SnCl 2 was destroyed by the addition o 
HgCl 2 solution as described in (a), and the solution was then 
titrated with o*iN.K 2 Cr 2 0 7 solution, using potassium lern- 

cyanide as an external indicator. # , 

It was found, as a mean of three determinations, that eacn 
25 c.c. of original iron solution, after reduction to the ferrous 
state, required 23*5 c.c. of o*iN.K 2 Cr 2 0 7 to give the co our 

change with potassium ferricyanide. 

Therefore, 250 c.c. of the original solution would require 


235 c.c. of o*iN.K 2 Cr 2 0 7 . 

And, since 1 litre of o*iN.K 2 Cr 2 0 7 is 
grams of Fe, 235 c.c. of o*iN.K 2 Cr 2 0 7 
235 X 0-0056, or 1*317 grams, Fe. 

Therefore, the percentage of iron in 


equivalent to 5*6 
are equivalent to 

ferric chloride is 


— 3 y X 100, or 34-4%. 

3-83 
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54. The Estimation of Iron in Ferric Oxide (Fe 2 0 3 ). 
An accurately known weight of very finely powdered ferric 
oxide is dissolved in strong HC 1 , the solution being warmed 
gently on the water bath. When all the oxide has dissolved 
the solution is allowed to cool and diluted to a convenient 
volume. Aliquot portions of this diluted solution are reduced 
with stannous chloride (see § 53), and the reduced solution is 
titrated with o-iN.K 2 Cr 2 0 7 using potassium ferricyanide as 
an external indicator. 

For example, 1-640 grams of the powdered oxide were 
dissolved in strong HC 1 and the solution diluted to 250 c.c. 
It was found that 25 c.c. of the solution, after reduction with 
SnCl 2 and the removal of the excess SnCl 2 by HgCl 2 , required 
20-5 c.c. of o-iN.K 2 Cr 2 0 7 solution to oxidize the iron from the 
ferrous to the ferric state. 

Therefore, 250 c.c. of the diluted iron solution, after reduc- 
tion, would require 205 c.c. of o-iN.K 2 Cr 2 0 7 . 

And since 1 litre of o-iN.K 2 Cr 2 0 7 is equivalent to 5-6 
grams of Fe, 205 c.c. of o-iN.K 2 Cr 2 0 7 would be equivalent to 
205 x 0-0056, or 1-148 grams, of Fe. 

Therefore, the percentage of iron in the ferric oxide is 

1-148 

F640 X I00 ' or 7 °%- 

55. To Find the Reducing Power of a Solution of 
Stannous Chloride. Aliquot portions of the stannous 
chloride solution are allowed to react with excess of ferric 
chloride solution acidified with dilute HC 1 . The amount of 
iron reduced to the ferrous state is determined by titration 
with decinormal dichromate solution, and the equivalent 
amount of stannous chloride deduced from the equation : 

SnClg 2FeCl 3 = SnCl 4 -|- 2FeCl 2 . 

190 

Thus, 190 grams of SnCl 2 are equivalent to 2 x 56 grams 
of Fe. 

For example, suppose that 25 c.c. of the SnCl 2 solution were 
allowed to react with excess of ferric chloride solution acidified 
with dilute HC 1 , and that 21-4 c.c. of o-iN.K 2 Cr 2 0 7 were 
required to oxidize the ferrous chloride formed by reduction 
with the stannous chloride. 

Then, since 1 litre of decinormal dichromate is equivalent to 
5*6 grams of Fe, 21-4 c.c. of decinormal dichromate would 
be equivalent to 21-4 x 0-0056, or 1-198 grams of Fe. 

Therefore, 25 c.c. of the SnCl 2 solution will reduce 1-198 
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grams of Fe from the ferric to the ferrous state ; i.e. i c.c. of 

the SnCl 2 solution will reduce or 0-048 gram, of iron. 

25 

The reducing power of the stannous chloride solution is thus 
expressed in terms of iron, viz. : 

1 c.c. of the stannous chloride solution will reduce 0-048 grant 
of iron from the ferric to the ferrous condition. 

56. The Determination of Tin in Stannous Salts. 
The estimation of tin in a stannous salt is performed in the 
same way as the reducing power of a solution of stannous 
chloride was determined in the previous paragraph. The 
stannous salt, acidified with HC 1 , is allowed to react with an 
excess of ferric chloride solution and the amount of iron 
reduced to the ferrous state is determined by titration with 
decinormal dichromate in the usual manner. The reaction 
takes place according to the equation (in the case of stannous 
chloride) : 

SnCl 2 + 2FeCl 3 = SnCl 4 + 2FeCl 2 ; 

and here 119 grams of tin are equivalent to 2 X 56 grams of 
iron ; thus 1 litre of o-iN.K 2 Cr 2 0 7 solution, which is equiva- 
lent to 5-6 grams of Fe, is also equivalent to 5-95 grams of Sn. 

For example, 1-639 grams of a stannous salt were dissolved 
in dilute HC 1 and diluted to 250 c.c. 25 c.c. of this solution 
were allowed to react with excess of ferric chloride solution, 
and the reduced iron was found to require 17-5 c - c - 
o-iN.K 2 Cr 2 0 7 solution for complete oxidation. 

Therefore, 250 c.c. of the original SnCl 2 solution would 
require 175 c.c. of o-iN.K 2 Cr 2 0 7 for complete oxidation. 

Therefore, 250 c.c. of the original stannous salt solution 
would require 175 c.c. of o-iN.K 2 Cr 2 0 7 . 

Now, 1 litre of o-iN.K 2 Cr 2 0 7 is equivalent to 5-95 grams 

of Sn. . 

Therefore, 175 c.c. of o-iN.K 2 Cr 2 0 7 would be equivalent 

to 175 X 0-00595, or 1-036 grams of Sn. 

Thus, the percentage of tin in the stannous salt is 

X 100, or 63-2% 

1-639 

57. The Estimation of Chromium. Chromium may be 
estimated by converting the chromium compound into a 
chromate and allowing the solution of this salt to react with 
an excess of ferrous ammonium sulphate. The determination 
depends upon the fact that, in the presence of dilute sulphuric 
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acid, the chromate oxidizes the ferrous salt to the ferric 
condition, viz. : 

2K 2 Cr0 4 + 6 FeS 0 4 + 8 H 2 S 0 4 = 2 K 2 S 0 4 + Cr 2 (S 0 4 ) 3 + 

D 3 Fe 2 (S 0 4 ) 3 + 8H 2 0. 

r , Thus, one atom of chromium is capable of oxidizing three 

atoms of iron from the ferrous to the ferric condition, i.e. 
52-0 grams of chromium are equivalent to 3 X 56-0, or 
168*0 grams, of iron. For example : 
fc To Determine the Percentage of Chromium in Potassium 

Chromate. A known weight of the pure, crystallized potas- 
b sium chromate is dissolved in distilled water, acidified with 

33 dilute sulphuric acid, and diluted to a convenient volume. A 

03 clean, dry, stoppered weighing bottle is filled with pure, 

ti recrystallized ferrous ammonium sulphate and weighed. 

?3 Let this weight be w 1 grams. Small quantities of the ferrous 

as ammonium sulphate are then added to the acidified chromate 

solution until the chromium is completely reduced and the 
ferrous salt is present in a slight excess. This can be ascer- 
^ tained by testing a drop of the liquid with dilute potassium 

ferricyanide solution : when excess of ferrous salt is present a 
blue coloration will be obtained. Aliquot portions of the 
solution are then titrated with decinormal dichromate 
solution using potassium ferricyanide as an external indicator, 
and the excess iron is thus determined. The weighing bottle 
is now reweighed. Let this weight be w 2 grams. Then the 
weight of ferrous salt added to the solution will be (w 1 — w 2 ) 
grams. Consequently the weight of iron added to the 
chromate will be one-seventh of this amount (see § 35). 
From this amount the excess iron (as determined by titration) 
is deducted, giving the weight of iron which has been oxidized 
by the chromate from the ferrous to the ferric state. The 
chromium is then calculated from the equivalents : 

56 grams of Fe = 17*33 grams of Cr. 

For example, suppose that, in an experiment, 4*03 grams of 
K 2 Cr 0 4 were dissolved in water, acidified with dilute sul- 
phuric acid, and diluted to 500 c.c. After reduction it was 
found that 100 c.c. of this solution required 13*2 c.c. of 
o*iN.K 2 Cr 2 0 7 for complete oxidation. 

Thus, 500 c.c. of the original solution would require 
5 X 13*2, or 66*o c.c., of o*iN.K 2 Cr 2 0 7 . 

Now, 1 litre of o*iN.K 2 Cr 2 0 7 is equivalent to 5*6 grams of 
Fe. Therefore, 66-o c.c. of o*iN.K 2 Cr 2 0 7 are equivalent to 
0*0056 x 66, or 0*37 gram, of Fe. 
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Therefore the amount of iron in excess was 0-37 gram. 

The weight of ferrous ammonium sulphate added to the 

original solution was 26-95 grams. 

Therefore the weight of iron added was one-seventh of this, 

i.e. 3-85 grams. . 

Thus, (3-85 — 0-37), or 3-48 grams, of ferrous iron have 

been required to reduce the potassium chromate solution. 

Now, 56 grams of Fe are equivalent to 17*33 grams Cr, 

therefore, 3-48 grams of Fe are equivalent to 

x 3.48^ or 1-077, grams of Cr. 

56 

Therefore the percentage of chromium in potassium 
chromate is 

1 ° — x 100, or 26-7%. 

4*03 


SUGGESTED EXPERIMENTS ON CHAPTER IV 
T Vnn are nrovided with a decinormal solution of potassium 



CHAPTER V 


VOLUMETRIC ESTIMATIONS BASED ON OXIDATION 

AND REDUCTION METHODS (Part 3) 

IODOMETRY 

58. Iodine is frequently used in volumetric analysis as an 
indirect oxidizing agent. The method is based upon the fact 
that free iodine, in the presence of water and certain sub- 
stances which can be easily oxidized, combines with the 
hydrogen of the water liberating ‘ available oxygen \ Regard- 
ing the iodine as an oxidizing agent the essential reaction may 
be represented by the equation : 

I 2 + H 2 0 = 2HI + O 
2 X 127 16 

Thus, 127 grams of iodine are equivalent to 8 grams of 
oxygen ; i.e. a normal solution of iodine will contain 127 
grams of pure iodine per litre of solution. In practice, a 
decinormal iodine solution is found to be the most convenient 
strength of solution to use ; i.e. a solution containing 12-7 
grams of pure iodine per litre. Thus a decinormal iodine 
solution may be regarded as a decinormal solution of ‘ avail- 
able oxygen ' ; i.e. 1 litre of decinormal iodine solution will 
liberate from the water o-8 gram of ' available oxygen \ 

The ' end-point ' in any iodometric determination may be 
very accurately indicated by means of dilute starch solution. 
Starch, when brought into contact with iodine in solution, 
gives a deep blue coloration due to the formation of an 
unstable iodine derivative of starch, the exact composition of 
which is uncertain. This compound, owing to its unstable 
nature, behaves exactly like free iodine, just as if no starch 
were present. The * end-point * is indicated by the disappear- 
ance of the blue colour when free iodine is being titrated by 
either standard As 4 0 6 solution or by standard sodium thio- 
sulphate, Na 2 S 2 0 3 . 

The Preparation of the Starch Solution. A small quantity 
of pure starch is mixed into a paste with a little cold water. 
Boiling water is then poured on to the paste, the solution is 
stirred, and a colloidal solution of starch results. This 
solution, when cooled, is ready to be employed as the indicator 
in any iodometric determination. 

6 81 
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N.B. — The starch solution should never be kept more than 
one day ; a fresh solution should be prepared each day. 

59. Decinormal Iodine Solution. An approximately 
decinormal iodine solution can be prepared by weighing 
accurately 127 grams of pure, resublimed iodine, adding 
about 20 grams of pure potassium iodide (iodine is very 
slightly soluble in water but dissolves readily in a solution of 
its potassium compound), dissolving in distilled water, and 
diluting to 1 litre in a graduated flask. It is better, however, 
to prepare an iodine solution slightly stronger than deci- 
normal, determine its strength accurately by one of the two 
alternative methods described below, and then dilute the 
solution to the required concentration. 

N.B. — The standard iodine solution, when prepared must 
be kept in a stoppered bottle in the dark. 


THE STANDARDIZATION OF AN IODINE SOLUTION 

(a) By means of Standard Sodium Thiosulphate Solution . 
Sodium thiosulphate, Na 2 S 2 0 3 . 5 H 2 0 , reacts with iodine, 
forming sodium iodide and sodium tetrathionate according 

to the equation : _ ^ _ 

2Na 2 S 2 0 3 + I 2 = 2NaI + Na 2 S 4 0 6 . 

The reaction, taking place in aqueous solution, is one in 

which the iodine plays the part of an indirect oxidizing agent. 

The mechanism of the reaction may be represented by the 

following changes : 

(f) I 2 + H 2 0 = 2HI + O. 

(ii) 2Na 2 S 2 0 3 + O = Na 2 0 + Na 2 S 4 0 6 . 

(iii) 2HI + Na 2 0 = 2NaI + H 2 0 . 

Thus, the final products are sodium iodide and sodium 

^Preparation of the Decinormal Sodium Thiosulphate Solution. 
We have seen that two molecules of sodium thiosulphate are 

eaui valent to one molecule of iodine, viz. : 

I 2 = 2Na 2 S 2 0 3 . 5H 2 0 

2 x 127 2 x 248 

i e 127 grams of iodine are equivalent to 24-8 grams of 
hvdrated sodium thiosulphate ; thus a decinormal solution of 
sodium thiosulphate will contain 24-8 grams of Na 2 S 2 0 3 .5H 2 0 

^Iiforder to prepare a decinormal solution of sodium thio- 
sulphate it is necessary, therefore, to weigh out accurately 
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24*8 grams of pure, recrystallized sodium thiosulphate, 
dissolve it in distilled water, and dilute to one litre. The 
accuracy of the solution will, of course, depend upon the 
accuracy of weighing, and a further source of error is intro- 
duced by the loss of water of crystallization by evaporation 
when the crystals are powdered before weighing. It is better, 
therefore, to prepare a solution of sodium thiosulphate slightly 
stronger than decinormal and to standardize it by means of 
an accurately decinormal solution of potassium perman- 
ganate or of potassium dichromate. These reagents will 
liberate free iodine quantitatively from potassium iodide in the 
presence of dilute sulphuric acid, viz. : 

2KMn0 4 -f 8 H 2 S 0 4 + 10KI = 6 K 2 S 0 4 + 2MnS0 4 + 

8 H 2 0 + 5l 2 . 

K 2 Cr 2 0 7 + 14HCI + 6KI = 8 KC 1 + Cr 2 Cl 6 + 7H 2 0 + 3I* 

Thus, 100 c.c. of decinormal potassium permanganate (or 
dichromate) would liberate the equivalent of 100 c.c. of deci- 
normal iodine solution, and this, in turn, would oxidize exactly 
100 c.c. of accurately decinormal sodium thiosulphate 
solution. 

For example, suppose that, in the standardization, 100 c.c. 
of decinormal KMn 0 4 solution, after treatment with excess 
potassium iodide, required 95 c.c. of the approximately 
decinormal Na 2 S 2 0 3 solution to reduce the iodine liberated 
in the reaction (see below for the actual method of titration), 
then the normality of the thiosulphate solution is 


o-iN. X 


100 


i.e. (100 — 95), or 5 c.c., of water must be added to every 
95 c.c. of the thiosulphate solution in order to make it 
accurately decinormal. 

The Titration of the Iodine Solution. Having thus obtained 
an accurately decinormal solution of sodium thiosulphate, 
the approximately decinormal solution of iodine may be 
standardized. 

Method. 25 c.c. of the iodine solution are transferred to a 
small flask and diluted with an equal volume of distilled water. 
The thiosulphate is then added slowly from the burette until 
the brown colour of the iodine changes to a faint yellow ; one 
or two drops of the freshly prepared starch solution are then 
added, giving the remaining iodine an intense blue colour, and 
the titration is continued slowly until the blue colour is just 
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discharged. Three concordant results are obtained and the 

solution is then standardized. 

For example, suppose that 25 c.c. of the iodine solution 
required a mean volume of 26*0 c.c. of o-iN.Na 2 S 2 0 3 to 
discharge the blue colour of the starch. 

Then 1 c.c. of water must be added to every 25 c.c. of the 
iodine solution, i.e. 40 c.c. .per litre, to make it accurately 

decinormal. . 

It will be observed that, in any iodometnc determination, 

it is always more convenient to titrate the iodine solution 
with the thiosulphate, since the starch solution can then be 
added as the indicator when the reaction is nearly at an end 
(as denoted by_ the gradual loss of colour of the iodine solution). 

(b) Standardization by Means of Arsenious Oxide, bree 
iodine will oxidize arsenious oxide, in aqueous solution, 
according to the equation : 

As 4 Q 6 + 4l 2 + 4 H 2 0 ^ 8 HI + As 4 O 10 . 

From this equation it is evident that 127 grams of iodine are 
eaui valent to 40-5 grams of arsenious oxide , i.e. 1 
decinormal iodine solution is equivalent to 4'95 &*- ms ot 

AS As 6 the reaction is reversible it must be performed in the 
presence of a moderate excess of alkali : this ensures ^ 
hydriodic acid formed in the reaction is neutrahzed as it is 
liberated, and reversal is, thus prevented. As however 
caustic alkalies would react with the free iodine, the best 

neutralizing agent to employ is sodium hlcc ^.™f C \ Q are 
Method. About 5 grams of pure, resumed J*®* 6 
weighed accurately and dissolved in distilled [ wate 
taining about 25 grams of pure sodium bic j arfc f na 1 te ;. • 

solution is then diluted to i litre and a standardsolution in 
the form of sodium arsemte is thus obtained. P 

tions of this solution are then titrated with the approximately 

decinormal iodine solution, using freshly pr p . ^ 

solution as the indicator (or, it may be found more convement 
to titrate the iodine solution with the standard arsemte and 

to add the starch when the brown colour of the iodine Has 

changed to a pale yellow). 0 

For example, suppose that 5-05 grams of the As 4 0 « were 

contained in i litre of the arsemte solution, then, since 

decinormal As 4 O e solution contains 4-95 grams of As 4 U 6 per 

litre, the normality of the solution will be 

o-ffc. X 

4'95 


O' L-4aju? * Ou-a/ p 
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Suppose, further, that, as a mean of three titrations, 25 c.c. 
of this solution required 24*5 c.c. of the approximately deci- 
normal iodine solution to complete the oxidation of the As 4 O e , 
then the normality of the iodine solution will be 

xr 5*°5 25 

o-iN. x — - x — - ; 

4*95 24*5 

i.e. 1 litre of the iodine solution contains 


5*05 25 

127 X — ? X 


, or 16-64 grams, of iodine. 


4’95 24-5 

Now, 127 grams of iodine are contained in 1000 c.c. of 
o-iN. iodine solution. 

Therefore, 16-64 grams of iodine will be contained in 

1000 x or ijTo c.c., of o-iN. iodine solution. 

12-7 

Therefore (1310 — 1000), or 310 c.c., of water must be added 
to 1 litre of iodine solution in order to make it accurately 
decinormal. 


SOME TYPICAL DETERMINATIONS WITH DECINORMAL 
\ IODINE SOLUTION 

V 60. The Estimation of Arsenic Compounds. 

(a) In the Arsenious Condition. Arsenious compounds are 
generally estimated as arsenious acid which is oxidized to 
arsenic acid by iodine in aqueous solution, viz. : 

H 3 As 0 3 -f- I 2 + H 2 0 ^ H 3 As 0 4 4- 2HI. 

Here, again, a moderate excess of sodium bicarbonate must 
be present to neutralize the HI formed in the reaction, and 
thus prevent the reversal of the reaction. The method of 
determination is exactly the same as the titration of standard 
iodine by means of As 4 0 6 solution (§ 59 (6)) ; e.g. 

The Estimation of Sodium Arsenite. A known weight of 
the arsenite is dissolved in water and diluted to a convenient 
volume. Aliquot portions of this solution are transferred 
to a small flask, an equal volume of saturated NaHC 0 3 
solution is added, and the mixture titrated with decinormal 
iodine, using starch as the indicator. Three concordant 
results are obtained and the percentage purity of the arsenite 
calculated from the titration values. 

For example, in an experiment to determine the percentage 
purity of a sample of sodium arsenite, 2*455 grams of the 
substance were dissolved in water and diluted to 250 c.c. As 
a mean of three titrations, 25 c.c. of this solution required 
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23-5 C.c. of o-iN. iodine to completely oxidize the arsenite 
to the arsenate. 

Therefore, 250 c.c. of the solution would require 235 c.c. 
of o-iN. iodine. 

Now, I 2 = HgAsOg = NagAsOg 

2 x 127 192 

i.e. 1 litre of o-iN. iodine solution is equivalent to 9-60 grams 
of NagAsOg. 

Therefore, 235 c.c. of o-iN. iodine are equivalent to 9-60 X 
0-235, or 2-256 grams, of Na 3 As 0 3 . 

Thus, the percentage of Na 3 As 0 3 in the sample of sodium 

arsenite is 2*°s6 

--- X 100, or 96%. 

2-455 y /0 


(6) In the ' Arsenic ' Condition. An ' arsenic * compound 
is generally estimated as arsenic acid. It is necessary, how- 
ever, to reduce the arsenic acid to arsenious acid by means of 
sulphur dioxide, viz. : 

H 3 As 0 4 + H 2 S 0 3 = H 3 As 0 3 + h 2 so 4 . 

The estimation then proceeds in exactly the same way as for 

an arsenious compound ; e.g. 

The Estimation of Sodium Arsenate. A known weight of the 
arsenate is dissolved in water ; a little acetic acid is added 
and the solution boiled for a few minutes to decompose any 
nitrite, which is a common impurity in sodium arsenate and 
which would react with the iodine (see § 74). This solution 
is cooled and diluted to a convenient volume (say 250 c.c. for 
each 2 grams of arsenate). 100 c.c. of this solution are then 
saturated with sulphur dioxide ; when reduction is complete 
the excess sulphur dioxide is boiled off, the solution is cooled, 
and diluted to, say, 200 c.c., since a small but definite altera- 
tion may have taken place. Aliquot portions (50 c.c.) of this 
solution are then mixed with an equal volume of saturated 
NaHC 0 3 solution to neutralize the HI formed in the reaction, 
and titrated with o-iN. iodine solution, using starch as the 


indicator. . _ - 

For example, in an experiment, 2-48 grams of sodium 

arsenate were dissolved in water, and, after boiling with 

acetic acid the solution was diluted to 250 c.c. 100 c.c. of this 

solution were saturated with S 0 2 and then diluted, after 


cooling, to 200 c.c. r 

As a mean of three titrations, it was found that 50 c.c. of 

the reduced solution required 22-5 c.c. of O-iN. iodine solution 

for complete re-oxidation to the ‘ arsenic ’ condition. 
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Therefore, 200 c.c. would require 22-5 X 4, or 90-0 c.c., 
of o-iN. iodine ; i.e. 100 c.c. of the original solution are 
equivalent to 90 c.c. of o-iN. iodine solution. 

Therefore, 250 c.c. of the original solution are equivalent 
to 90 x 2-5, or 225 c.c., of o-iN. iodine solution. 

Now, I 2 = H 3 As0 3 = H 3 As0 4 = Na 3 As 0 4 
2 x 127 208 

i.e. 1 litre of o-iN. iodine is equivalent to 10-4 grams of 
Na 3 As 0 4 . 

Therefore 225 c.c. of o*iN. iodine are equivalent to 
10*4 x 0-225, or 2 *34 grams, of sodium arsenate. 

Thus, the percentage of Na 3 As 0 4 in the sample of sodium 
arsenate is 

x 100, or 94 - 4 %- 

61. The Estimation of Antimony. 

(a) In the Antimonions Condition. Antimonious oxide 
reacts with free iodine, in aqueous solution, in a manner 
similar to arsenious oxide, viz. : 

Sb 4 0 6 + 4l 2 + 4 H 2 0 ^ 2 Sb 2 0 5 + 8HI. 

Here, as in the case of antimonious oxide, a moderate 
excess of sodium bicarbonate must be present to neutralize 
the HI formed in the reaction, and thus prevent the reverse 
action taking place. Moreover, whenever an antimonious salt 
is being determined, tartaric acid (or sodium potassium tar- 
trate) must also be added to prevent hydrolysis with the conse- 
quent precipitation of basic antimony salts. For example, 
in the case of antimony chloride, the addition of water would 
give a white precipitate of antimony oxychloride : 

SbCl 3 + H 2 0 = 2HCI + SbOCl. 

The tartaric acid, however, converts the insoluble 
oxychloride into the soluble antimonyl tartrate, viz. * 

2SbOCl + H 2 (C 4 H 4 0 6 ) = (Sb 0 ) 2 (C 4 H 4 0 6 ) + 2HCI. 

The antimony is, thus, brought back into solution, and the 
estimation then proceeds exactly as in the case of antimonious 
compounds. The amount of tartaric acid required may be 
taken roughly as twice the amount of antimonious compound 
employed ; e.g. 

To Determine the Percentage of Antimony in Tartar Emetic. 

Tartar emetic, (Sb 0 )K(C 4 H 4 0 6 ).JH 2 0 , is prepared by the 

action of potassium hydrogen tartrate on antimonious oxide 
viz. : 

Sb 4 0 6 + 4 HK(C 4 H 4 0 6 ) = 4(SbO)K(C 4 H 4 O e ) + 2 H 2 0 . 

Thus, 4l 2 = Sb 4 O e = 4Sb ; 
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i.e. 127 grams of iodine are equivalent to 6o-i grams of Sb, or 
1 litre, of o-iN. iodine solution is equivalent to 6-oi grams of Sb. 

For example, suppose that 3-64 grams of tartar emetic were 
dissolved in water containing about 7 grams of sodium 
potassium tartrate (see above), and diluted to 250 c.c. 25 c.c. 
of this solution, to which had been added an equal volume of 
saturated NaHC 0 3 solution, were found to require, as a mean 
of three titrations, 23*8 c.c. of o-iN. iodine solution to effect 

the blue coloration with starch solution. 

Thus, 250 c.c. of the solution would require 238 c.c. of o-iN. 

iodine for complete oxidation. • 

And, since 1 litre of o-iN. iodine is equivalent to 6-oi 
grams of Sb, therefore, 238 c.c. of o-iN. iodine are equivalent 

to 6-oi X 0-238, or 1*43 grams, of Sb. . 

Therefore, the percentage of antimony in the tartar emetic is 


x I00 ’ or 39 ' 3 % • 

3-64 . . , 

(b) In the Antimonic Condition. Antimonic compounds 

are estimated in a manner similar to ' arsenic ' compounds. 
The compound is, first of all, reduced to the antimonious 
condition by saturating with S 0 2 in the presence of dilute 
HC 1 ; the excess S 0 2 is driven off by boiling for a long time, 
and the solution is made slightly alkaline by means of NaOH 
(in order to neutralize the HC 1 ). The solution is ; then i cooled, 
the necessary amount of tartaric acid is added, and the solution 
L dduted^o a convenient volume. The procedure is then 
the same for an antimonious compound : aliquot portions 
of the reduced solution are mixed with a moderate excess of 
NaHCO, and titrated with o-iN. iodine solution using starch 

solution as the indicator. 


the determination of REDUCING A 1 f T f E1 !^ T1 ?^ 

MEANS OF STANDARD IODINE AND SODIUM 
THIOSULPHATE SOLUTIONS 

62. The Estimation of Sulphur Dioxide in Aqueous 
C m utton. A fairly accurate estimation of SO* in dilute 

consequence, the solution in question should be 

X 2 4- S 0 2 + 2 H 2 0 = ti 2 bU 4 -t- 2H1. 
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Thus, 127 grams of iodine are equivalent to 32 grams of 
sulphur dioxide ; i.e. 1 litre of o*iN. iodine is equivalent to 
3-2 grams of S 0 2 . 

Method. The direct titration of the sulphur dioxide solu- 
tion does not give very dependable results, and it is preferable 
to allow the S 0 2 solution to react with a measured excess of 
standard iodine solution and then determine the excess iodine 
by means of standard sodium thiosulphate. A small volume 
of the dilute S 0 2 solution is, therefore, taken ; a measured 
volume of o-iN. iodine solution is added, and the excess iodine 
is determined by titration with o-iN.Na 2 S 2 0 3 solution, using 
starch as the indicator in the usual way. 

For example, in an experiment, 50 c.c. of the S 0 2 solution 
were added to 100 c.c. of o-iN. iodine solution and the mixture 
diluted to 250 c.c. with distilled water. Portions of 50 c.c. 
of this solution were then titrated with o-iN.Na 2 S 2 0 3 , starch 
solution being added as the indicator when the iodine became 
pale yellow in colour. It was found that a mean volume of 
17*2 c.c. of o-iN.Na 2 S 2 0 3 were required. 

Then the 250 c.c. of the diluted solution would require 
5 x 17-2, or 86-o c.c., of o*iN.Na 2 S 2 0 3 . 

Thus (100 — 86), or 14-0 c.c., of o-iN. iodine solution have 
been reduced to HI by the S 0 2 solution. 

Therefore, since 1 litre of o-iN. iodine is equivalent to 
3-2 grams of S 0 2 , 14-0 c.c. of o-iN. iodine are equivalent to 
3*2 x 0*014, or 0*0448 gram S 0 2 . Then 50 c.c. of the original 
S 0 2 solution contain 0-0448 gram of S0 2 . 

Therefore the strength of the original S 0 2 solution is 
0-0448 X 20, or 0'8g6 gram, of SO 2 per litre. 


63. The Estimation of Sulphur Dioxide in a Soluble 
Sulphite. This determination is carried out in a manner 
similar to the determination of S 0 2 in aqueous solution. A 
known weight of the sulphite is added to a measured excess of 
decinormal iodine solution, the mixture is diluted to a con- 
venient volume, and aliquot portions are titrated with deci- 
normal sodium thiosulphate solution, employing starch as the 
indicator. The excess iodine is thus determined, and the 
amount of iodine which has been reduced by the sulphite 
is determined by difference, as in the previous experiment 
(§ 62). 

For example, sodium sulphite reacts with free iodine in 
aqueous solution according to the equation : 

Na 2 S0 3 .7H 2 0 + I 2 + H z O = 2HI + Na 2 SQ 4 + 7H a O. 
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Here, again, i litre of o-iN. iodine is equivalent to 3-2 grams 
of S 0 2 ; e.g. 

To Determine the Percentage of S 0 2 in Hydrated Sodium 
Sulphite. About 1 gram of the sulphite is weighed accurately, 
added to 200 c.c. of o-iN. iodine solution, and diluted to 
500 c.c. (If the brown colour of the iodine is destroyed on the 
addition of the sulphite more iodine must, of course, be 
added.) Portions of 50 c.c. of the diluted solution are then 
titrated with o-iN.Na 2 S 2 0 3 , using starch as the indicator in 
the usual way, and the excess iodine is determined from the 
titration values. 

For example, in an experiment, 1-093 grams of the sulphite 
were added to 200 c.c. of o-iN. iodine solution and the mixture 
diluted to 500 c.c. 

As a mean of three titrations, 50 c.c. of this solution required 
1 17 c.c. of o-iN.Na 2 S 2 0 3 for complete reduction of the 

excess iodine. 

Therefore 500 c.c. of solution would require 10 X 117, or 

117 c.c., of o-iN.Na 2 S 2 0 3 . u u 

Thus (200 — 117), or 83-0 c.c., of o-iN. iodine have been 

used in oxidizing the sodium sulphite to sodium sulphate. 

And, since 1 litre of o-iN. iodine is equivalent to 3-2 grams of 

SO,, 83-0 c.c. of o-iN. iodine will be equivalent to 3-2 X 0-083 

or 0-266 gram, of S 0 2 ; i.e. the percentage of S 0 2 m hydrated 

sodium sulphite is : 

x 100, or 24-4%. 

1-093 


64 The Estimation of Hydrogen Sulphide in 
Aoueous Solution. Hydrogen sulphide in dilute aqueous 
solution reacts with free iodine according to the equation : 

H 2 S + I a = 2HI + S ; 

i e 127 grams of iodine are equivalent to 17 grams of H 2 b, or 
1 litre of o-iN. iodine is equivalent to 17 grams of H 2 S 
In this reaction, as in the case of sodium thiosulphate, the 
oxidation actually occurs indirectly through the reaction of 
the iodine with water. The oxidation is more accurately 
represented, therefore,^ the^uatmns: q 

As in the case of an Iqueous solution of sulphur dioxide, 
direct titration is unsatisfactory, and it is preferable to allow 
the solution of H 2 S to react with a measured excess of standard 
iodine solution and then determine the excess iodine by means 
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of standard sodium thiosulphate solution. Here, again, 
accurate results are obtained only with dilute solutions, and 
it is advisable to dilute the original solution considerably 
before beginning the actual determination. 

For example, in an experiment, 5 c.c. of a H 2 S solution 
were added to 100 c.c. of o-iN. iodine solution and the solu- 
tion diluted to 250 c.c. As a mean of three titrations, 50 c.c. 
of this solution required 17.5 c.c. of o-iN.Na 2 S 2 0 3 to reduce 
the excess iodine. 

Therefore, 250 c.c. of the solution would require 5 X 17*5, 
or 87-5 c.c., of o-iN.Na 2 S 2 0 3 . 

Then, (100 — 87-5), or 12-5 c.c., of o-iN. iodine have been 
reduced by the H 2 S in the diluted solution. 

Then, since 1 litre of o-iN. iodine solution is equivalent to 
i*7 grams of H 2 S, therefore 12-5 c.c. of o-iN. iodine solution 
are equivalent to 17 X 0-0125, or 0-02125 gram, of H 2 S. 

Thus, 5 c.c. of the original H 2 S solution contain 0-02125 
gram of H 2 S. Therefore the strength of the solution is 
200 X 0-02125, or 4-25 grams, of H 2 S per litre. 

Alternative Method for the Estimation of Hydrogen Sulphide 
in Aqueous Solution employing Standard Alkaline Arsenite 
Solution. Another method of estimating H 2 S in aqueous 
solution, and one which gives fairly accurate results, is to 
allow the diluted H 2 S solution to react with a measured excess 
of standard alkaline arsenite solution in the presence of a 
sufficient excess of HC 1 to prevent the formation of a colloidal 
solution of As 2 S 3 . The reaction takes place according to the 

equation : As 4 0 6 + 6H 2 S = 2As 2 S 3 + 6 H 2 0 . 


The precipitated arsenious sulphide is filtered off and well 
washed with distilled water. The filtrate and washings are 
made alkaline with NaHC 0 3 (see § 59 (b)), and diluted to a 
convenient volume. Aliquot portions of this solution are 
then titrated with o-iN. iodine in the usual manner. The 
excess As 4 0 6 is thus determined, and the H 2 S is determined 
from the equivalents : As 0 = 6 H 2 S, 


from which it is seen that 1 litre of o-iN.As 4 0 6 solution 
( 4*95 grams of As 4 0 6 ) is equivalent to 2-550 grams of H 2 S. 

For example, in an experiment, 5 c.c. of a H 2 S solution 
were allowed to react with 100 c.c. of o-iN.As 4 0 6 solution, in 
the presence of HC 1 . After the removal of the precipitated 
As 2 S 3 the filtrate and washings were diluted to 250 c.c. It 
was then found that, as a mean of three titrations, 50 c.c. of 
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this solution required 18-2 c.c. of o-iN. iodine solution to 
oxidize the excess As 4 0 6 . 

Then 250 c.c. of the solution would require 5 x 18*2, or 
91-0 c.c., of o-iN. iodine solution ; i.e. (100 — 91*0), or 9-0 c.c., 
of o-iN.As 4 0 6 solution have been used in reacting with the 
H 2 S in 5 c.c. of the original solution. 

Then, since 1 litre of o-iN.As 4 0 6 solution is equivalent to 
2-550 grams of H 2 S, therefore 9-0 c.c. of o-iN.As 4 0 6 solution 
are equivalent to 2-550 X 0-009, or 0-0230 gram, of H 2 S. 

Thus, 5 c.c. of the original solution contain 0-0230 gram 
of H 2 S. 

Therefore the strength of the original solution is 200 X 0-0230, 
or 4-60 grams, of H 2 S per litre. 


THE DETERMINATION OF OXIDIZING AGENTS BY 
MEANS OF POTASSIUM IODIDE AND STANDARD 
SODIUM THIOSULPHATE SOLUTION 


Any substance which is capable of oxidizing potassium 
iodide in aqueous solution to free iodine may be determined 
volumetrically by allowing that substance to react with excess 
of potassium iodide, and then titrating the liberated iodine 
with standard sodium thiosulphate. For example, aqueous 
solutions of chlorine and bromine may be estimated in this 
manner * so may many oxidizing agents, such as persulphates, 
peroxides, hypochlorites, iodates, bromates chromates, 
nitrates, nitrites, vanadates, etc. In fact, this particular 
branch of iodometry is especially adapted for the determina- 
tion of those oxidizing agents for which no other more 
convenient method exists. In general, then, any substance 
which wiU liberate iodine quantitatively from potassium iodide 
mav be estimated in this manner, though, in a good many 
cases the rate of the reaction is slow at ordinary temperatures, 
and, in such cases, sufficient time must be allowed for the 

reaction to be completed. 


6* The Estimation of Free Chlorine in Aqueous 
Solution. A measured vohime of the chlonne water £ 
added to an excess of potassium iodide dissolved m a little 
water. Iodine is liberated immediately accordmg to the 

equation : 2 KI . q 2 = 2KCI + I 2 . 


( Actually, the water plays an intermediate part as in the cases 
of sodium thiosulphate and hydrogen sulphide, viz. : 
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(i) Cl 2 + H 2 0 = 2 HC 1 + O. 

(ii) 2KI + O = K 2 0 + I 2 . 

(iii) K z O + 2HCI = 2KCI + H 2 0 .) 

From the above equation it is seen that 1 litre of o-iN. iodine 
solution is equivalent to 3-55 grams of chlorine. 

Method. The mixture is then diluted to a convenient 
volume, and aliquot portions are titrated with o-iN.Na 2 S 2 0 3 
solution, using starch as the indicator in the usual way. 

For example, in an experiment, 100 c.c. of the chlorine 
water were allowed to react with about 8 grams of KI dis- 
solved in a small quantity of water, and the mixture was then 
diluted to 250 c.c. 25 c.c. of this solution required, as a mean 
of three titrations, 16-5 c.c. of o-iN.Na 2 S 2 0 3 for the complete 
reduction of the liberated iodine. 

Then, 250 c.c. of the solution would require 165 c.c. of 
o-iN.Na 2 S 2 0 3 , which are equivalent to 165 c.c. of o-iN. iodine 
solution. 

Now, 1 litre of o-iN. iodine is equivalent to 3*55 grams 
of Cl ; therefore, 165 c.c. of o-iN. iodine are equivalent to 
3-55 X 0-165, or 0-586 gram, of Cl. And, since this amount 
of chlorine was contained in 100 c.c. of solution, the strength 
of the solution is 5-86 grams of chlorine per litre. 

66. The Estimation of Bromine in Bromine Water. 
The method of procedure is exactly, the same as in the deter- 
mination of chlorine in chlorine water. A measured volume 
of the bromine water is added to an excess of KI dissolved in 
a little water, and the mixture is diluted to a convenient 
volume. Aliquot portions of this solution are then titrated 
with o-iN.Na 2 S 2 0 3 solution in order to estimate the liberated 
iodine, and the amount is calculated from the titration values. 
The reaction may be represented by the equation (though 
here, too, the water plays an intermediate part) : 

2KI -f- Br 2 = 2KBr -f I 2 , 

from which it is found that 1 litre of o-iN. iodine is equivalent 
to 8-o grams of bromine. 

67. The Determination of Hypochlorites. Hypo- 
chlorous acid in the presence of dilute HC 1 (or acetic acid) 
oxidizes KI to free iodine according to the equation : 

HC 10 + 2KI + HC 1 = 2KCI + H 2 0 + I 2 
(or, 

HC 10 + 2KI + CHjCOOH = KC 1 + CH 3 COOK + H 2 0 +I 2 ). 

The reaction is immediate, and, therefore, in estimating a 
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hypochlorite, a known weight of the salt is added to a solu- 
tion containing excess of KI ; the mixture is then acidified 
with dilute HC 1 (or acetic acid) and aliquot portions are 
titrated with standard sodium thiosulphate, using starch as 
the indicator. The liberated iodine is thus determined, and 
the amount of hypochlorite calculated from the titration 

values * e 

To Estimate Potassium Hypochlorite in Aqueous Solution. 
Aliquot portions of the solution are allowed to react with an 
excess of potassium iodide, acidified with dilute HC 1 or 
acetic acid, and the liberated iodine titrated with o-iN.Na 2 b 2 U 3 
solution. The amount of hypochlorite is then determined from 

the equivalents : j __ j^qq 

2 


Thus 254 grams of iodine are equivalent to 90-5 grams of 
KCIO ; i.e i litre of o-iN. iodine is equivalent to 4-525 grams 

68 The Estimation of the Available Chlorine in 
Bleaching Powder. When bleaching powder is acted upon 
with dilute acids chlorine is evolved, and the substance from 

which the chlorine is evolved may b f re P^ nte y j 
formula Ca(OCl)Cl. The reactions with acids take place 

according to the equations : , tt O 4- Cl 

Ca(OCl)Cl + 2HCI = CaCla + ! H.C > + Cl* 

or Ca(OCl)Cl + H 2 S 0 4 = CaS 0 4 + H 2 0 + , C * 2 ‘ . . 

Ordinary bleaching powder, however, does not consist o 

Fd U e re (Jni?tac2d^ by chlorine in the preparation of the 
bleaching powder) Ld other chlorinated compounds of calcium 
such as caFcium hypochlorite, Ca(OCl) 2 , and calcium chlorate 
Ca iCIO ) The * available chlorine ’ is that which is liberated 
1 ( ihl falOCllCl bv the action of acids, and its estimation 
sThus ' of S tannine, in determining the quality of the 
MeXig (Swder. The purest forms of Headung powder 

SgsfeS of PoU, 

15 grams 01 “ , f th Httle wate r until a cream- 

mortar and tnturatea warn then dilute d to a 

likC P ^nt 1S volumT(say I UtrT) ^ well shaken. Aliquot 

convenient volume^fts^y ^ ^ transferred to a 

FmallflLkind a few crystals of KI added (about 2 grams will 
bT «h) The solution is acidified with acetic acd (in 
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this case a mineral acid cannot be used, as chlorine might 
thereby be liberated from the calcium chlorate present as 
an impurity). The acetic acid liberates chlorine from the 
Ca(OCl)Cl, and an equivalent amount of free iodine is dis- 
placed from the KI, viz. : 

(i) Ca(OCl)Cl + 2CH3COOH = (CH 3 COO) 2 Ca-f C 1 2 +H 2 0 , 

(ii) Cl 2 + 2KI = 2KCI + I 2 . 


The liberated iodine is then determined by titration with 
o*iN.Na 2 S 2 0 3 , using starch solution as the indicator in the 
usual way. Three concordant results are obtained, and the 
amount of chlorine in the bleaching powder is determined from 
the titration values and expressed as a percentage. 

For example, in a determination, 11*50 grams of bleaching 
powder were triturated with a small quantity of water and 
diluted to 1 litre. It was found that 25 c.c. of this solution, 
after treatment with excess of KI and acetic acid, required a 
mean volume of 26*8 c.c. of o*iN.Na 2 S 2 0 3 to reduce the 
liberated iodine. 

Therefore, 1 litre of the solution would be equivalent to 
40 X 26*8, or 1072 c.c., of o*iN.Na 2 S 2 0 3 , which are equivalent 
to the same volume of o*iN. iodine. 


Now, 1 litre of o*iN. iodine is equivalent to 3*55 grams of 
chlorine. Therefore, 1*072 litres of o-iN. iodine are equivalent 
to 3*55 X 1*072, or 3*81 grams, of chlorine. 

Thus, the percentage of Ca(OCl)Cl in the bleaching powder is 


11*50 


X 100, or 33%. 


/ 


(b) An Alternative Method of Determining the Available 
Chlorine in Bleaching Powder, by Means of Standard Arsenite 
Solution and Standard Iodine. The * available chlorine ’ in 
bleaching powder may also be determined by means of a 
standard alkaline solution of As 4 0 6 . The reaction takes 
place according to the equation : 

4 Ca( 0 Cl)Cl + As 4 0 6 = 2As 2 0 6 + 4CaCl 2 . 

Method. 1 litre of bleaching powder solution is prepared 
as in (a). Aliquot portions of this solution are then allowed 
to react with a measured excess of decinormal arsenite solu- 
tion. The excess arsenite is titrated with decinormal iodine, 
using starch as the indicator, and the amount of arsenite 
which has reacted with the Ca(OCl)Cl is determined by 
difference. Three concordant results are obtained and the 
available chlorine is then obtained from the titration values, 
employing the equivalents : 
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i litre o-iN.As 4 0 6 


3*55 grams 


i litre of o-iN. iodine = 
of chlorine. 

[For the method of titrating As 4 0 6 with o-iN. iodine see 

§59 (b)]. 

69. The Determination of Iodates. (a) The general 
method of determining iodates is based upon the following 
reaction between hydriodic and iodic acids in the presence of 
dilute sulphuric acid : 

HI 0 3 + 5 HI ^ 3I2 + 3 H 2 0 . 

In the reaction of potassium iodate with potassium iodide 
in the presence of sulphuric acid, the reaction would be : 

KI 0 3 + 5KI + 3H 2 S0 4 = 3K 2 S0 4 + 3 l 2 + 3H 2 0. 

The liberation of the iodine is quantitative, but, as the 
reaction is rather slow, sufficient time must be allowed for 
the liberation of iodine to be completed. The free iodine is 
then titrated with o-iN.Na 2 S 2 0 3 solution in the usual manner, 
and the amount of iodate is determined from the equivalents : 

- 3l 2 = KI 0 3 ; e.g. 

To Determine the Percentage Purity of a Sample of Sodium 
Iodate 3-164 grams of the iodate were dissolved in water 
and diluted to 1 litre. 25 c.c. of this solution required, after 
treatment with excess of KI and dilute H 2 S 0 4 , 23-5 c.c. of 
o-iN.Na 9 S 2 0 3 solution to reduce the liberated lodme. 

Thus 1 litre of the solution would require 40 X 23-5, or 
940 c.c.', of o-iN.Na 2 S 2 0 3 , which are equivalent to the same 

volume of o-iN. iodine. 

Now 3I2 — NalU 3 , 

i.e. 127 grams of iodine, are equivalent to 33-0 grams of 
NaI 0 3 , so that 1 litre of o-iN. iodine is equivalent to 3-30 

^Therefore 11 940 c.c. of o-iN. iodine are equivalent to 

o-94 X 3-30, or 3-102 grams, of NaI 0 3 

Thus, the percentage of NaI 0 3 in the sample of sodium 

iodate is ,. to2 „ 

3 — _ x 100, or 98-0%. 

3-164 

(b) Alternative Method for the Determination of Iodates. 
An alternative method for the determination of an iodate 
consists in absorbing the iodine liberated m the reaction of 
the iodate with KI and H 2 S 0 4 in a known excess of o-xN 
arsenite solution, and then titrating the excess with standard 
fodine as described in §59 (*)■ The amount of arsenite 
oxidized by the liberated iodine can then be determined by 
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difference. The NaI 0 3 is estimated from the titration values 
employing the equivalents : 

3l 2 = NaI 0 3 . 

70. The Determination of Bromates. (a) If dilute 
sulphuric acid be added to a mixture of a bromate and excess 
of KI, the bromic acid (formed from the bromate) and the 
hydriodic acid (formed from the iodide) react to form free 
iodine according to the equation : 

HBr 0 3 + 6HI = HBr + 3 H 2 0 + 3 I ? - 

The various stages of the reaction, when potassium bromate 
is employed, may be represented by the equations : 

(i) 2KBr0 3 + H 2 S 0 4 = K 2 S 0 4 + 2HBr0 3 . 

(ii) 12KI + 6 H 2 S 0 4 = 6 K 2 S 0 4 + 12HI. 

(iii) 2HBr0 3 + 12HI = 2HBr + 6I 2 -f- 6 H 2 0 . 

The complete reaction may be represented, therefore, by 
the equation : 

2KBr0 3 +i2KI+7H 2 S04=7K 2 S0 4 +2HBr+6H 2 0+6I 2 . 

Thus, 3 molecules of iodine are equivalent to 1 molecule of 
KBr 0 3 ; i.e. 1 litre of o-iN. iodine is equivalent to 2-783 grams 
of KBr 0 3 . 

For example, in an experiment to determine the percentage 
purity of a sample of potassium bromate, 3-120 grams of the 
salt were dissolved in water and diluted to 1 litre. 25 c.c. of 
this solution were treated with excess of KI and dilute H 2 S 0 4 , 
and, as a mean of three titrations, 27-3 c.c. of o-iN.Na 2 S 2 0 3 
were required to reduce the liberated iodine. 

Therefore, 1 litre of the solution would require 40 x 2 7-3, 
or 1092 c.c., of o-iN. thiosulphate to reduce the liberated 
iodine. 

Now, since 1 litre of o-iN.Na 2 S 2 0 3 is equivalent to 1 litre 
of o-iN. iodine, it follows that 1 litre of o-iN.Na 2 S 2 0 3 is 
equivalent to 2-783 grams of KBr 0 3 . Therefore 1-092 litres 
of o-iN.Na 2 S 2 0 3 are equivalent to 2-783 x 1-092, or 2-940 
grams, of KBr 0 3 . 

Thus, the percentage of KBr 0 3 in the potassium bromate is 

2- 940 

— - X 100, or 94-2%. 

3- 120 /0 

(b) An Alternative Method for the Determination of Bromates. 
As in the case of an iodate, the bromate may be estimated 
by means of standard arsenite solution. The bromate solu- 
tion is acidified with dilute H 2 S 0 4 and an excess of decinormal 
arsenite solution added. The bromic acid, formed by the 
7 
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action of the H 2 S 0 4 on the bromate, oxidizes the arsenite to 
the arsenate according to the equation : 

HBrO s + 3Na 3 As0 3 = HBr + 3Na 3 As0 4 . 

The excess arsenite is then determined by titration with 
o-iN. iodine (see §59 ( b )), and the amount of arsenite used in 
reducing the liberated iodine is determined by difference. As 
before, the amount of bromate is determined from the titration 
values employing the equivalents : 

3I2 = KBr 0 3 (in the case of potassium bromate). 

The determination (by the same process as that for bromates 
and iodates) of chlorates does not give satisfactory results 
owing to the complications due to the liberation of chlorine 
dioxide from the chlorate by the sulphuric acid. It is true 
that, employing a dilute solution of a chlorate, approximate 
results may be obtained by allowing the solution to react with 
excess of KI in the presence of a moderate excess of dilute 
H 2 S 0 4 , but it is preferable to carry out the determination in 
the manner described in § 92 ; i.e. by decomposing the 
chlorate by heat, and estimating the residual chloride by 
means of standard silver nitrate solution ; or by the SnCl 2 
and iodine method described in § 80. 

71. The Determination of Chromates. The estimation 
of chromates is based upon the fact that chromic acid, in the 
presence of dilute HC 1 , will oxidize potassium iodide to free 
iodine, the reaction being quantitative. Consequently, a 
chromate in acid solution will liberate an equivalent amount 
of iodine from KI according to the equation : 

2K 2 Cr0 4 -t-i6HCl-f6KI=ioKCl+2CrCl 3 -f8H 2 0+3l 2 . 

Method. A known weight of the chromate is dissolved in 
water, excess of dilute HC 1 is added, and the solution is diluted 
to a convenient volume ; the dilution should be considerable, 
so that the green colour of the chromic acid formed in the 
reaction may not affect the sharpness of the ' end-point' 
in the subsequent titration. Aliquot portions of the diluted 
solution are then treated with excess of KI and titrated 
with o-iN.Na 2 S 2 0 3 in the usual manner, employmg starch 
solution as the indicator. The chromate (m the case of 
potassium chromate) is then determined from the titration 

values, employing the equivalents : 

3I2 = 2K 2 Cr0 4 . 

Thus 127 grams of iodine are equivalent to 64-67 grams of 
K CrO *; i.e. 1 litre of o-iN. iodine is equivalent to 6-467 grams 

of 2 K 2 Cr 0 4 . 
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For example, in an experiment to determine the percentage 
purity of a sample of potassium chromate, 1*195 grams of the 
salt were dissolved in a little water, acidified with dilute HC 1 , 
and the solution diluted to 1 litre ; the colour of the solution 
was then pale enough for titration purposes. Portions of 
100 c.c. of the diluted solution were mixed with excess of KI 
and titrated with o-iN.Na 2 S 2 0 3 , using starch as the indicator. 
It was found that a mean volume of 18*3 c.c. of o.iN.Na 2 S 2 0 3 

was required to reduce the iodine liberated in each aliquot 
portion. 

Then, 1 litre of the solution would require 183 c.c. of 

o*iN.Na 2 S 2 0 3 , which is equivalent to the same volume of 
o-iN. iodine solution. 


Then, since 1 litre of o-iN. iodine is equivalent to 6*467 
grams of K 2 Cr 0 4 , 183 c.c. of o-iN. iodine are equivalent to 
6*467 x 0*183, or 1-183 grams, of K 2 Cr 0 4 . 

Therefore, the percentage of K 2 Cr 0 4 in the potassium 

chromate is 0 

1*183 

X 100, or 99%. 


Alternative Method for the Determination of Chromates. 
Chromic acid, in the presence of dilute HC 1 , will oxidize 
arsenious oxide to arsenic acid according to the equation * 
8 H 2 Cr 0 4 + 3As 4 0 6 = 4Cr 2 0 3 + 8 H 2 0 + 6As 2 O s . 

Ihus, since 1 molecule of As 4 O e is equivalent to 4 molecules 
of iodine, 8 molecules of K 2 Cr 0 4 will be equivalent to 12 
molecules of iodine ; i.e. 

. 3 l 2 = 2 K 2 Cr 0 4 . 

Thus, 1 litre of o-iN. iodine (12*7 grams) will be equivalent 
to 6*467 grams of K 2 Cr 0 4 . 

N.B.— It is essential that, in this method, also, the dilution 
of the chromate solution must be sufficient to prevent the 
green colour of the chromic acid obscuring the ' end-point ' 
of the titration with standard iodine. 


. ^ — OF Persulphates. We have 

seen in § 47 that persulphates can be estimated by allowing 
them to react with a known excess of ferrous sulphate in the 
presence of dilute sulphuric acid and then determining the 
excess ferrous iron by means of standard potassium per- 
manganate solution. The persulphates may also be con- 
vemently estimated by allowing them to react with excess 

rl K Presence of dilute HC 1 , and then estimating the 

liberated iodine by means of standard sodium thiosulphate. 
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The reactions between the persulphuric acids and hydrogen 
iodide may be represented by the equations : 

(i) Permonosulphuric acid : 

H 2 S 0 5 + 2HI = H 2 S 0 4 + H 2 0 + I 2 . 

(ii) Perdisulphuric acid : 

H 2 s 2 0 8 + 2HI = 2H 2 so 4 + I 2 - 

Thus 1 molecule of any persulphate is equivalent to 1 mole- 
cule of iodine. 

For example, in estimating, by the iodometric method, the 
amount of sodium perdisulphate in the solution prepared as 
described in § 47, the procedure was as follows : 

100 c.c. of the perdisulphate solution were acidified with 
dilute HC 1 and diluted to 250 c.c. 25 c.c. of the solution were 
transferred to a small flask and an excess of KI solution added. 
The mixture was then allowed to stand for a short time with 
frequent shaking, and was then titrated with o-iN.Na 2 S 2 03 
solution, using starch solution as the indicator. It was found 
that, as a mean of three titrations, 13-4 c.c. of o*iN.Na 2 b 2 U 3 
were required to reduce the liberated iodine. 

Thus, 250 c.c. of the solution are equivalent to 134 c.c. ol 
o*iN.Na 2 S 2 0 3 , and also, therefore, to 134 c.c. of o*iN. iodine. 

Now, I 2 = Na 2 S 2 0 8 ; 

i.e. 127 grams of iodine are equivalent to 119 grams ot JNa 2 b 2 u 8 , 
or 1 litre of o-iN. iodine is equivalent to 11-9 grams of 


N ^Therefore, 134 c.c. of O-iN. iodine are equivalent to 
II Thus,°ioo 4 c.c r of 5 the original sodium perdisulphate solution 

C °Th^ contains z 5 - 9 5 


°^K*w?nbe observed that this result compares favourably 

with that obtained by the permanganate method (see § 47 h 

the difference being less than 0-3%. 

7 o The Determination of Nitrates. The estimation 
is based upon the fact that a solution of manganous chloride, 
in strong HC 1 , decomposes nitric acid quantitatively according 

t0 ^HNO^ a +°3MnCl 2 + 6 HC 1 = 3MnCl 4 + 2NO + 4 H 2 °- 

Further tf the solution is then warmed, the manganese 
tetrachloride, being unstable except at. low temperatures 
decomposes into the original manganous chloride with the 

evolution of free chlorine, viz. . 

3MnCl 4 = 3MnCl 2 -f 3C1 2 . 
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In the case of potassium nitrate, the reaction may be 
represented, therefore, by the equation : 

2KNO3 + 3MnCl 2 + 8 HC 1 = 3MnCl 4 + 2NO + 4H 2 0 + 2KCI 

I 

3MnCl 2 + 3C1 2 

The chlorine evolved in the reaction is passed into a solution 
of potassium iodide, and an equivalent amount of free iodine 
is liberated. The iodine is then determined by titration with 
decinormal sodium thiosulphate solution, using starch as the 
indicator. The nitrate is then determined from the titration 


values employing the equivalents (in the case of potassium 
nitrate) : 3 i 2 _ ^ _ 2KN0;} . 


To Estimate the NaN 0 3 in Crude Chile Saltpetre. The 
crude Chile saltpetre is ground to a fine powder and about 
1 gram weighed accurately in a small, round-bottomed flask 
(preferably one which is fitted with a ground-in stopper and 



Fig. 4 

ESTIMATION OF NITRATES, ETC. 

delivery tube). About 8 grams of manganous chloride 
dissolved in 25 c.c. of strong HC 1 , and some small pieces of 
magnesite (magnesium carbonate), are added to the saltpetre 
in the flask. The flask is connected to two bulbous U-tubes 

about 5 grams of KI dissolved in distilled water 
* u so ^ u ^ on should not rise above the widest portions 
of the bulbs). The U-tubes are connected and immersed 
in a beaker of cold water, as shown in Fig 4. The flask is 

* ei ^ warme< ^ * a slow stream of chlorine is evolved (the rate 
°* e evolution of the gas being regulated by the amount 
ol heat supplied) ; a current of carbon dioxide is also evolved. 
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during the reaction, from the magnesite, and this not only 
helps to drive all the chlorine from the flask but also prevents 
the KI solution from sucking back into the flask. When the 
reaction has been completed, the U-tubes are disconnected, 
allowed to cool to the temperature of the room, if necessary, 
and their contents washed into a graduated flask (say, 250 
c.c.). The solution is then made up to the mark with distilled 
water, and aliquot portions of the solution thus obtained are 
titrated with decinormal sodium thiosulphate, using starch 


as the indicator. 

For example, in an experiment, 1-28 grams of the crude 
saltpetre were treated in the manner described above. When 
the reaction was complete, the contents of the U-tubes were 
diluted to 250 c.c., and, as a mean of three titrations, it 
was found that 25 c.c. of the solution required 27-5 c.c. ot 
o-iN.Na 2 S 2 0 3 to reduce the liberated iodine. # 

Thus, 250 c.c. of the solution would require 275 c.c. ol 


o-iN.Na 2 S 2 0 3 . _ 

Now 3 l. == 2 NaN 0 3 . 

Thus, 127 grams of iodine are equivalent to 28-33 grams of 
NaN 0 3 ; i.e. 1 litre of o-iN. iodine (equivalent to 1 litre of 

o "SffA%”5' ^^rUN 2 iairs. o ‘.quS. t ,<> 

"X* Chi., saltpetre is 

X 100, or 6 j%. 

1-28 


74 The Determination of Nitrites. Nitrites may 
also be estimated iodometrically, and the method gives more 
accurate results than are probable when the detennmation 
is made with potassium permanganate, as descnbed m\ 4 ®j 

based upon the fact that nitrous acid is decomposed by man 
ganous chloride and strong HC 1 with the evolution of chlorme, 
when heated. The reaction is expressed by the equations . 

(a) 2HN0 2 + MnCl 2 + 2HCI = MnCli + 2H 2 0 + 2WU. 

Thus, with potasshtm" 1 nitrite, the reaction would be as 

f 2K°N0 2 + MnCl 2 + 4HCI = MnCl 4 + 2NO + 2H 2 0 + 2KCI. 

MnCl 2 -f- Cl 2 
KNOo = Cl = I. 


Thus, 
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Method. The method of estimation is the same as that for a 
nitrate (see § 73). The apparatus shown in Fig. 4 is again 
used, and the same precautions are observed. About 1 gram 
of the nitrite is weighed accurately into the flask, and a 
solution of about 8 grams of manganous chloride in con- 
centrated HC 1 (25 c.c.), and some small pieces of magnesite 
(see § 73) are added. The chlorine is evolved by gentle heating 
and absorbed by the solution of potassium iodide ^ (about 
5 grams of solid KI are employed) in the U-tubes. When the 
reaction is completed, the contents of the U-tubes are washed 
into a 250 c.c. flask and the solution is made up to the mark 
with distilled water. Aliquot portions of this solution are 
then titrated with decinormal sodium thiosulphate solution 
in the usual manner, and the nitrite estimated from the 
titration values ; e.g. 

To Determine the Percentage of KN 0 2 in Potassium Nitrite 

Sticks. 1*165 grams of the stick potassium nitrite were taken 

and treated in the manner described above. After diluting 

the resulting free iodine solution to 250 c.c., it was found that, 

as a mean of three titrations, 25 c.c. of the diluted solution 

required 13*2 c.c. of o*iN.Na 2 S 2 0 3 to reduce the free iodine to 
sodium iodide. 


Thus, 250 c.c. of the iodine solution would require n2 cc 
of o*iN.Na 2 S 2 0 3 . 

Now, I KN 0 2 

c T^xT^ 0re - I2 ^ & rams of iodine are equivalent to 85 grams 
of KN 0 2 ; i.e. 1 litre of o-iN. iodine (which is equivalent to 

1 of r 0 ' lN * Na 2 S 20 3 ) is equivalent to 8-5 grams of KN 0 2 . 

therefore, 132 c.c. of o-iN. iodine are equivalent to 
o*5 x 0*132, or 1122 grams, of KN 0 2 . 

Thus, the percentage of KNO a in the potassium nitrite 
sticks is : I . I22 

X 100, or 9& 3 %. 

N.B. This method of estimating a nitrite has the great 
advantage over the permanganate method (see § 46) that the 
liberation of nitric oxide in the reaction does not affect the 
accuracy of the determination. 


75. The Determination of Manganese Dioxide. Man- 

gancse dioxide: may be estimated iodometrically by heating 

!n '9,9 Str ° ng - §9 and abs orbing the evolved chlorine 
liberat^lT?- 10 * d ® solution. The equivalent amount of 
d 1 ° dme . th en determined by titration with deci- 
normal sodium thiosulphate solution, and the manganese 
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of 


dioxide calculated from the titration values. The reactions 
occurring in the determination are as follow : 

(а) Mn 0 2 + 4HCI = MnCl 2 + 2H 2 0 + Cl 2 . 

(б) Cl 2 + 2KI = 2KCI + f 2* 

Thus, I 2 = Cl 2 = Mn 0 2 . 

Therefore, 127 grams of iodine are equivalent to 43*5 grams 

MnOo * i.e 1 litre of o-iN. iodine is equivalent to 4-35 

grams of Mn 0 2 . , , . , 

Method. The apparatus and the method of procedure are 

again exactly the same as in the case of the determination 

of a nitrate (see § 73) ; e.g. . 

To Estimate the Available Oxygen m Pyrolusite . I he 

apparatus is assembled as in Fig. 4. About 0-5 gram of t e 
finely powdered ore is weighed accurately into the flask, ana 
a solution of about 5 grams of potassium iodide in water is 
placed in the U-tubes A few grams of magnesite are then 
introduced into the flask and about 25 c.c. of strong HU 
added. The flask is then connected to the U-tubes and gently 
heated. The evolution of carbon dioxide from the magnesite 
not only sweeps out all the chlorine from the flask but also 
prevents the liquid in the U-tubes from sucking back into The 

ofthe U tubes are washed into a graduated Ut and djtated 
tn a suitable volume. Aliquot portions of this solution are 
then titrated with decinormal sodium thiosulphate to deter- 
ge theamount of iodine liberated by the evolved chlonne 
and the amount of Mn 0 2 is determined from the titration 

Va Fo e r example 0-472 gram of the pyrolusite was treated as 
described above and the resulting solution diluted ^to 250CX. 

c c of the diluted solution required, as a mean of thr 
titrations, 20-2 c.c. of o-iN.Na 2 S 2 0 3 to reduce the liberated 

i0d Therefore di 2 U S c°c ’ ‘of the solution would require 20-2 X 5 . 
or xox c c! if o iN.Na 2 S 2 0 3 , and this volume is equivalent to 

IO Now; i f litre of°o-S. iodine is equivalent to o-8 gram of 

^Therefore 101 c.c. of o-iN. iodine are equivalent to 

°" Thus the^ percentage of^avaUable^oxygen ' in the pyrolusite 


is : 


0^0808 x or 19-0% 


0*472 
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The result may also be expressed as the percentage of pure 
Mn 0 2 in the pyrolusite. 

Thus, since i litre of o-iN. iodine is equivalent to 4*35 grams 
of Mn 0 2 , 101 c.c. of o*iN. iodine are equivalent to 4*35 X o-ioi , 
or 0*439 gram, of Mn 0 2 . 

Thus, the percentage of Mn 0 2 in the pyrolusite is 


Q -439 

0*472 


x 100, or 93*0%. 


76. The Estimation of Manganese Sesquioxide. Man- 
ganese may also be estimated iodometrically in exactly the 
same manner as the peroxide. In this case the reaction will 
be represented by the equation : 

Mn 2 0 3 + 6 HC 1 = 2MnCl 2 + 3H 2 0 + Cl 2 . 

Here, I 2 = Cl 2 = Mn 2 0 3 . 

Therefore, 127 grams of iodine are equivalent to 79 grams 
of Mn 2 0 3 ; i.e. 1 litre of o-iN. iodine is equivalent to 7*9 grams 
of Mn 2 0 3 . 

The experimental procedure is exactly the same as in the 
determination of the manganese peroxide (see § 75), and the 
sesquioxide is estimated from the titration values employing 
the above equivalents. 

77. The Determination of Hydrogen Peroxide. Hydro- 
gen peroxide, in the presence of dilute sulphuric acid, oxidizes 
potassium iodide to free iodine according to the equation : 

H 2 0 2 + 2KI + H 2 S0 4 = K 2 S0 4 4- 2 H a O 4 - I 2 * 

Method. The hydrogen peroxide solution is diluted to a 
convenient volume, if necessary, and aliquot portions are 
acidified with dilute sulphuric acid and treated with excess 
of KI. The liberated iodine is then titrated with decinormal 
sodium thiosulphate solution, using starch solution as the 
indicator. The strength of the peroxide solution is then 
determined from the titration values employing the equiva- 
lents : 1 2 = H 2 0 2 . 

Thus, 127 grams of iodine are equivalent to 17 grams of 
H 2 0 2 ; i.e. 1 litre of o*iN. iodine is equivalent to 1*7 grams 
of H 2 0 2 . 

For example, portions of 25 c.c. of a hydrogen peroxide 
solution were diluted to 250 c.c., and aliquot portions were 
acidified with dilute H 2 S 0 4 and treated with excess of KI 
solution. As a mean of three titrations, it was found that 
18*4 c.c. of o*iN.Na 2 S 2 0 3 were required to reduce the liberated 
iodine in 25 c.c. of the diluted solution, 
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Therefore, 250 c.c. of the diluted solution are equivalent 
to 184 c.c. of o-iN.Na 2 S 2 0 3 , and also, therefore, to 184 c.c. of 
o-iN. iodine. 

Thus, 25 c.c. of the original solution are equivalent to 184 c.c. 
of o*iN. iodine ; i.e. 1 litre of the original solution is equivalent 
to 184 x 40, or 7360 c.c. of o-iN. iodine. 

Now, 1 litre of o-iN. iodine is equivalent to 17 grams of 
H 2 0 2 . Therefore, 7-36 litres of o-iN. iodine are equivalent 
to 17 X 7-36, or 12-5 grams, of H 2 0 2 . 

Thus, the hydrogen peroxide solution contains 72*5 grams 
of H 2 0 2 per litre. 


78. The Determination of Vanadium Compounds. 
Any of the various vanadates — meta-vanadates, ortho- 
vanadates, pyro-vanadates, and other complex vanadates — 
may be estimated indirectly by a iodometric method. The 
determination is based upon the fact that vanadic anhydride, 
V 2 0 5 , is reduced to vanadium tetroxide when heated with 
potassium bromide and strong HC 1 . The actual reduction 
is effected by the hydrobromic acid formed in the reaction 
between the bromide and the HC 1 . The reaction may be 


represented, therefore, by the equation : 

V 2 0 6 + 2HBr = V 2 0 4 + H 2 0 + Br 2 . 

The evolved bromine vapour is absorbed in KI solution and 
an equivalent amount of iodine is liberated, viz : 

2KI + Br 2 = 2KBr + I 2 . 

The free iodine is then determined by means of standard 
sodium thiosulphate and the vanadate estimated, in terms of 
V 2 0 5 , from the titration values employing the equivalents : 

V 5 — ^ r 2 = ^2* - 

Thus, 127 grams of iodine are equivalent to 91 grams oi 

y 2 0 6 ; i.e. 1 litre of o-iN. iodine is equivalent to 9-1 grams 

ofV 2 0 5 ; e.g. , . . 

To Determine a Vanadate. The apparatus used is again the 

same as in the determination of nitrates (see § 73, Fig. 4 )- 

About 0-5 gram of the finely powdered vanadate is introduced 

into the flask, and about 2 grams of KBr and 30 c.c. of strong 

HC 1 together with a few pieces of magnesite, are added. 

The* object of the magnesite is to provide a steady stream l of 

carbon dioxide to sweep all the bromine vapour out of the 

flask, and also to prevent the liquid in the U-tubes sucking 

back into the flask The flask is connected to the U-tubes, 

which contain about 4 grams of K I dissolved in water The 

contents of the flask are then boiled until the liquid is clear 
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blue in colour ; this shows that the reduction of the vanadate 
to V 2 0 4 is complete. 

The bromine vapour liberates an equivalent amount of 
iodine from the KI solution, and, when the reaction is ended, 
the contents of the U-tubes are washed into a graduated flask 
and diluted to a suitable volume. Aliquot portions of this 
solution are then titrated with decinormal sodium thio- 
sulphate in the usual manner, and the amount of V 2 0 5 is then 
calculated. 

N.B. — In some cases it may be found more convenient 
to titrate the free iodine with centinormal sodium thio- 
sulphate solution. 


OTHER IODOMETRIC DETERMINATIONS 


79. The Estimation of Tin as Stannous Chloride. 
Pure stannous chloride, in the presence of HC 1 , will reduce 
free iodine to hydrogen iodide, and is itself oxidized to stannic 
chloride according to the equation : 

SnCl 2 + 2HCI + I 2 = SnCl 4 + 2HI. 

It is supposed that stannic chlor-iodide, SnCl 2 I 2 , is first 
formed, and that this is then decomposed by the HC 1 into 
stannic chloride and hydrogen iodide, viz. : 

SnCl 2 I 2 + 2HCI = SnCl 4 + 2HI. 

It is upon this reaction that the estimation of tin is based, 
and the method is of great use in estimating the tin in tin 
ores and alloys, though it cannot be employed if lead is present 
in the alloy , since the ‘ end-point ’ of the titration would be 
obscured by the precipitation of yellow lead iodide by the 
intermediate product — stannic chlor-iodide ; e.g. : 

To Determine the Percentage of Tin in an Alloy. An 
accurately known weight of the alloy is dissolved in dilute 
HC 1 , cooled, and diluted to a convenient volume. Aliquot 
portions of this solution are then titrated directly with deci- 
normal iodine solution, using starch as the indicator ; or, 
alternatively, excess of decinormal iodine may be added to 
the solution and the excess iodine determined by titration 
with decinormal sodium thiosulphate. Three concordant 
results are obtained, and the percentage of tin in the alloy 
calculated from the titration values using the equivalents : 


I 2 = Sn. 

Thus, 127 grams of iodine are equivalent to 59-5 grams of 
Sn ; i.e. 1 litre of o-iN. iodine is equivalent to 5*95 grams 
of Sn. 
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For example, in an experiment, 3-013 grams of an alloy 
were dissolved in dilute HC1 and the solution diluted to 
250 c.c. As a mean of three titrations, 25 c.c. of the diluted 
solution required 19-4 c.c. of o-iN. iodine to effect the blue 
colour with starch solution. 

Therefore, 250 c.c. of the solution would require 194 c.c. 
of o-iN. iodine. And, since 1 litre of o-iN. iodine is equivalent 
to 5-95 grams of Sn, 194 c.c. of o-iN. iodine will be equivalent 
to 5‘95 X 0-194, or 1-154 grams, of Sn. 


Therefore, the alloy contains ^ x 100, or 38-3%, of tin. 

3 013 

80. The Estimation of Chlorates by Means of Stan- 
nous Chloride and Standard Iodine. Pure stannous 
chloride, in the presence of HC1, is oxidized by a chlorate to 
stannic chloride, viz. : 

KCIO3 + 6HC1 + 3SnCl 2 = KC1 + 3H 2 0 + 3SnCl 4 . 

Consequently, if a known weight of a chlorate is digested 
with a known excess of stannous chloride dissolved in dilute 
HC1, and the excess SnCl 2 determined by titration with 
standard iodine solution (see § 79), then the amount of chlorate 
can be determined from the titration values. 

To Prepare the Standard Solution of Stannous Chloride. 
About 1 gram of pure stannous chloride is weighed accurately, 
dissolved in dilute HC1, and diluted to 250 c.c. This solution 
is then standardized by titrating with o-iN. iodine solution, 
and the strength of the stannous chloride is expressed in terms 
of o-iN. iodine, viz. 1 c.c. is equivalent to x c.c. of o-iJN. 

iodine ; e.g. _ . _ .. . , 

To Determine the Percentage of KC 10 3 m a Mixture 0] 

Potassium Chlorate and Chloride. A known quantity of the 
mixture is dissolved in water and diluted to a convenient 
volume. Aliquot portions of this solution are then treated 
with an excess of the standard SnCl 2 solution, prepared in the 
manner described above. The solution is then allowe o 
stand for about 10 minutes until the reaction is completed. 
The excess SnCl 2 is determined by titration with o-iN. iodine 
solution, and the potassium chlorate is estimated from tn 
titration values employing the equivalents : 

3l 2 = 3SnCl 2 KCIO3. 

Thus 127 grams of iodine are equivalent to 20-41 grams of 
KCIO3 ; i.e. 1 litre of o-iN. iodine is equivalent to 2-041 grams 

°*For example, 2-192 grams of the mixture were dissolved in 
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water and diluted to 250 c.c. 25 c.c. of this solution were 
then treated with 50 c.c. of a standard solution of SnCl 2 
(1 c.c. of SnCl 2 solution = i*i c.c. of o*iN. iodine). 

Thus, the SnCl 2 added was equivalent to i*i X 50,or55c.c., 
of o*iN. iodine. After standing for about ten minutes the 
excess SnCl 2 was determined by titration with o*iN. iodine, 
using starch as the indicator. As a mean of three determina- 
tions, 23-8 c.c. of the o*iN. iodine were required. 

Therefore, (50 — 23*8), or 26-2 c.c., of o*iN. iodine are 
equivalent to the KC 10 3 in 25 c.c. of the original solution. 

Thus, 250 c.c. of the chlorate solution are equivalent to 
262 c.c. of o-iN. iodine. 

Then, since 1 litre of o*iN. iodine is equivalent to 2*041 
grams of KC 10 3 , 262 c.c. of o*iN. iodine will be equivalent 
to 2*041 x 0*262, or 0*535 gram, of KC 10 3 . 

Therefore the percentage of KC 10 3 in the mixture is 

X 100, or 24*4%. 

2*192 ^ 7 

81. The Iodometric Determination of Iron in the 
Ferric Condition. Iron, in the ferric condition, may be 
determined by means of potassium iodide and standard sodium 
thiosulphate solution. For example, ferric chloride, in the 
presence of HC 1 , oxidizes potassium iodide to free iodine, 
according to the equation : 

2FeCl 3 -f- 2KI = 2FeCl 2 + 2KCI + I 2 . 

This method of determination gives accurate results, but 
it has the disadvantage that the reaction is extremely slow, 
especially toward the end, and, where a quick determination 
is essential, it is preferable to employ the titanous chloride 
method of determination (see § 101). 

To Determine a Ferric Iron Solution. Suitable aliquot 
portions of the ferric iron solution are acidified with HC 1 , and 
a few crystals of KI added. The solution is then allowed to 
stand, with occasional shaking, for, at least, half an hour, 
and is then titrated with o*iN.Na 2 S 2 0 3 in order to determine 
the liberated iodine. 

For example, it was found that, as a mean of three deter- 
minations, 25 c.c. of the ferric iron solution, after reduction 
with KI, required 18*8 c.c. of o*iN.Na 2 S 2 0 3 to reduce the 
liberated iodine. 

Therefore, 1 litre of the ferric iron solution would be 
equivalent to 40 x 18*8, or 752 c.c., of o*iN.Na 2 S 2 0 3 , which 
is equivalent to the same volume of o*iN. iodine. 

Now, I 2 = 2 Fe. 
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Thus, 127 grams of iodine are equivalent to 56 grams 
of Fe. Therefore, 1 litre of o-iN. iodine is equivalent to 
5*6 grams of Fe. 

Therefore 752 c.c. of o*iN. iodine are equivalent to 
5*6 X 0752, or 4-21 grams, of Fe. 

Thus 1 litre of the solution contains 4-21 grams of iron in the 
ferric condition. 


82. The Iodometric Determination of Copper.. The 
estimation is based upon the fact that cupric salts, in the 
presence of acetic acid (mineral acids render the reaction 
rather complex), are reduced by potassium iodide to cuprous 
iodide and free iodine ; e.g. : 

2CuS0 4 + 4HI = Cu 2 I 2 + I 2 + 2 H 2 S 0 4 . 

It is essential that the salt solution should he free from mineral 
acid. Copper sulphate, for example, frequently contains a 
little free H 2 S 0 4 in solution, and this must be destroyed by 
adding dilute Na 2 C 0 3 solution until a precipitate of basic 
copper carbonate begins to form. The solution is then 
acidified with a little acetic acid, and a few crystals of KI are 
added Free iodine is thus liberated and is determined by 
titration with o-iN.Na 2 S 2 0 3 solution in the usual manner. f 

N B. A little practice is necessary to obtain the end-point 

satisfactorily since the precipitated cuprous iodide renders 
its detection a little difficult. The copper is then determined 
from the titration values, employing the equivalents : 

I = Cu. 

Thus, 127 grams of iodine are equivalent to 63-6 grams o 
Cu ' i.e. 1 litre of O-iN. iodine is equivalent to 6-36 grams of Cu. 

To Determine the Percentage of Copper m Hydrated Copper 
Sulirhate V247 grams of hydrated copper sulphate were 
dissolved in water ; dilute Na 2 C 0 3 solution was added from 
a pipette until a blue-green precipitate of basic copper car 
bonate just appeared ; acetic acid was then introduced from 
a burette a drop at a time, until the solution was just acid, 
and a further excess of about 2 c.c. was run in. The solution 

was then diluted to 250 c.c. , , 11 

Portions of 25 c.c. of the solution were transferred to small 

flasks a few crystals of KI added to each portion, and the 
liberated iodine titrated with decinormal thiosulphate solution, 
S?ng starch as the indicator. It was found that, as a mean 
of three determinations, 25 c.c. of the copper solution required 
2T-2 c c of the o-iN.Na 2 S 2 0 3 to reduce the free iodine. 

Therefore, 250 c.c. of the copper solution would require 
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212 c.c. of o*iN.Na 2 S 2 0 3 , which are equivalent to the same 
volume of o*iN. iodine. 

Then, since i litre of o-iN. iodine is equivalent to 6-36 grams 
of Cu, 212 c.c. of o-iN. iodine are equivalent to 6-36 x 0*212, or 
1-348 grams, of Cu. 

Therefore, the percentage of copper in hydrated copper 
sulphate is : & 

“ X I0 °* or 2 5 ' 5 % • 


83. The Iodometric Determination of Basic 
Hydroxides. Solutions of basic hydroxides (e.g. NaOH, 
KOH, Ca(OH) 2 , Ba(OH) 2 , etc.) when allowed to react with 
free iodine at room temperature give a mixture of a hypoiodite 
and an iodide, viz. : 

2KOH + I 2 = KIO + KI + H 2 0 . 

But if the reaction takes place at a higher temperature the 
final products are an iodate and an iodide, viz. : 

6 KOH + 3I2 = KI 0 3 + 5KI + 3 H 2 0 . 

Thus, by adding a measured excess of standard iodine 
solution to a basic hydroxide, heating, cooling, and titrating 
the excess iodine with either standard thiosulphate or standard 
arsenic solution, the basic hydroxide may be conveniently 
estimated ; e.g. : 

To Determine the Percentage of KOH in a Sample of Com- 
mercial Caustic Potash. 1-50 grams of the commercial caustic 
potash were dissolved in distilled water and diluted to 250 c.c. 
25 c.c. of the solution were transferred to a small flask, and 
50 c.c. of o-iN. iodine solution added. The solution was then 
heated gently on a sand tray until boiling commenced ; the 
solution was allowed to cool, and titrated with o-iN. arsenic 
solution, excess of NaHC 0 3 solution being added to prevent 
the reversal of the reaction (see § 59 (b)). 

As a mean of three determinations, it was found that 
26-6 c.c. of o-iN. arsenite were required to reduce the excess 
iodine. 

Therefore, (50—26-6), or 23*4 c.c., of o-iN. iodine have been 
used in oxidizing 25 c.c. of the KOH solution to KIO a and KI. 

Thus, 250 c.c. of the KOH solution would require 234 c.c. of 
o*iN. iodine for complete oxidation. 

Now, I ee KOH. 

Thus, 127 grams of iodine are equivalent to 56 grams 
of KOH. Therefore 1 litre of o*iN. iodine is equivalent to 
5*6 grams of KOH, 


1 12 


VOLUMETRIC ANALYSIS 


Therefore, 234 c.c. of o-iN. iodine are equivalent to 
5*6 x 0-234, or 1-31 grams, of KOH. 

Thus, the percentage of KOH in the potash is : 

X 100, or 87-3%. 

84. The Iodometric Determination of the Degree 
of Hydrolysis of Salts of Strong Acids and Weak 
Bases. Hydrolysis, in the case of inorganic salts, is the 
reverse of neutralization, and may be expressed generally : 

Salt + Water ^ Acid + Base (hydroxide or basic salt). 

We have already seen that the salts of weak acids and strong 
bases are alkaline in solution as the result of hydrolysis ; e.g. 
Na 2 C0 3 , and KCN (see § 9). In an an alogous. manner, the 
salts of strong acids and weak bases are acidic to some 
indicators in aqueous solution. Such salts as aluminium 
chloride, aluminium sulphate, ferric chloride, ferrous sulphate, 
cobalt sulphate, nickel sulphate, etc., are partially hydrolyzed 
in aqueous solution to the free basic hydroxide (or, else, a 

basic salt) and the free acid. # 

For example, aluminium chloride is partially hydrolyzed 
in aqueous solution to the free base (aluminium hydroxide) 
and the free acid (hydrochloric acid) : 

A1C1 3 + 3H 2 0 ^ A1(0H) 3 + 3HCI , 

or, expressing the reaction in terms of the ionic hypothesis . 


A1C1 3 

3 h 2 o 



+ 3C1 



A1(0H) 3 

The electro-positive aluminium ions from the solution of 
salt unite with the electro-negative hydroxyl ions from the 
water to form the feebly dissociated aluminium hydroxide. 
In consequence, the excess of hydrogen ions in the solution 
gives it acid characteristics. Neutralization will then take 
place between the free base and the free, dissociated acid, and, 
eventually, an equilibrium point will be reached when the speed 
of hydrolysis is equal to the speed of neutralization. 

Aluminium sulphate, in a similar manner, is supposed to 
be hydrolytically dissociated into the free acid (sulphuric; 
and a basic salt according to the equation : 

A1 8 (S0 4 ) 3 + 2H3O ^ 2A1S0 4 (0H) + H 2 SO, 
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The amount of free acid formed in such a hydrolytic 
reaction may be estimated by allowing the aqueous solution 
of the salt to react with an excess of potassium iodide-iodate 
mixture. Free iodine is liberated from the mixture by the 
free acid in solution, and the amount of iodine is determined 
by titration with decinormal sodium thiosulphate in the usual 
manner. 


N.B. — The iodide-iodate mixture is composed of potassium 

iodide and potassium iodate in the molecular proportions of 

5:1. It can be readily prepared by boiling a moderately 

strong solution of KOH with excess of pure, resublimed 
iodine, viz. : 


6 KOH + 3l a = 5KI + KI0 3 + 3H 2 0. 

Ihe excess iodine is removed, after the solution has cooled, 
and the mixture is then ready for use. 

. I* w iU t> e seen that the action of free acid on the iodide- 
iodate mixture reverses the above reaction, and we may, 

therefore, express the method of estimation in the following 
general way : 


3l, + 3H 2 0 5HI + HI0 3 . 

acid 


To Determine the Degree of Hydrolysis of a Sixteenth-normal 
Solution of Aluminium Chloride at Ordinary Temperature. 
Since one molecule of A 1 C 1 3 is equivalent to three atoms of 
hydrogen, it follows that a normal solution will be a one-third 
molar solution ; therefore a one-sixteenth normal solution will 
be a one-forty eighth molar solution, and will contain 

133-5 

or 2-781 grams, of A 1 C 1 3 per litre. 

2-781 grams of pure, anhyrous A 1 C 1 3 are weighed in a 
small flask, dissolved in a little water, and diluted to 1 litre. 

250 c.c. of this solution are then mixed with excess of the 
iodide-iodate mixture, and the solution is gently heated for 
about 1-5 minutes. The free iodine, liberated from the 
mixture by the free HC 1 formed in the hydrolysis of the A 1 C 1 
is then determined by titration with standard Na 2 S, 0 3 in 
the usual manner, employing starch as the indicator (in this 
case it is best to use centinormal sodium thiosulphate). The 
amount of A 1 C 1 3 decomposed by hydrolysis is then determined 
from tne titration values employing the equivalents # 

_ Aiq 3 = 3 hci = 31. 

inus, 127 grams of iodine are equivalent to 44*5 grams of 


I x 4 


VOLUMETRIC ANALYSIS 

AlClg ; i.e. i litre of o*oiN. iodine is equivalent to 0*445 gram 
of AlClg. 

For example, in the above experiment, 250 c.c. of the 
sixteenth-normal solution of A 1 C 1 3 were allowed to react with 
excess of the iodide-iodate mixture as described above. It 
was found, as a mean of three determinations, that 21*5 c.c. 
of o*oiN.Na 2 S 2 0 3 solution were required to reduce the iodine 
(liberated from the iodide-iodate mixture by the free HC 1 due 
to the hydrolysis of the A 1 C 1 3 ). I ivr 

Thus, 1 litre of the A 1 C 1 3 solution will liberate the equivalent 
of 21*5 x 4, or 86*o c.c., of o-oiN. iodine. 

And since 1 litre of o-oiN. iodine is equivalent to 0*445 gram 
of A 1 C 1 3 , 86*o c.c. of o-oiN. iodine will be equivalent to 
0*445 x 0*086, or 0*038 gram, of A 1 C 1 3 . 

Thus, the percentage of A 1 C 1 3 hydrolyzed in a sixteenth- 
normal solution of the salt is : 

—I- X 100, or 13-7%. 

2*781 

85. The Iodometric Determination of Formalde- 
hyde. Formaldehyde, in aqueous solution, will reduce free 
iodine to sodium iodide, in the presence of sodium hydroxide, 
according to the equation : 

H.CHO + I 2 + 3NaOH = H.COONa + 2NaI + 2H 2 0. 

Upon this reaction a method for determining formaldehyde 

in aqueous solution has been based. 

Method. Aliquot portions of the formaldehyde solution 
are diluted to convenient volumes and a measured excess of 
standard iodine solution is added to each portion. NaOH is 
then added to each mixture until the liquid turns yellow, and 
the mixture is then set aside for about half an hour to allow 
the reaction to proceed to completion. Dilute HC 1 is then 
added to the solution in order to completely liberate the excess 
iodine as the alkali tends to ' hold ' the excess iodine m 
solution (see the note on the iodide-iodate mixture, § 84 )• 
The excess iodine is then determined by titration with 
o*iN.Na 2 S 2 0 3 in the usual manner, and the formaldehyde is 
determined from the titration values employing the equiva- 
lents : I2 = H.CHO 

Thus, 127 grams of iodine are equivalent to 15*0 01 grams 

H.CHO ; i.e. 1 litre of o*iN. iodine is equivalent to 1*50 grams 

of H.CHO. t , 

For example, 25 c.c. of a formaldehyde solution were diiutea 

to 250 c.c. with distilled water. 50 c.c. of this solution were 
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™ 1 * ( ' d Wlth 50 c.c. of o-iN. iodine solution and treated 
with NaOH as described above. When the oxidation of the 
formaldehyde had been completed, and the excess iodine 
liberated from the NaOH by means of a little HC 1 , the solution 
was titrated with o-iN.Na 2 S 2 0 3 solution, 28-4 c.c. of which 
were needed to reduce the excess iodine to sodium iodide, 
herefore (50 — 28-4), or 21-6 c.c., of o-iN. iodine have 

solution dUCed by the formaJdeh y de in 50 c.c. of the diluted 

r.fTvw 25 c < r- ° { the original formaldehyde solution (250 c.c. 
of diluted solution) would reduce 5 x 21-6 or 108 c c of 

ciN. iodine to Nal. And 1 litre of o-iN. lodine is equival’ent 

to 1 50 grams of H.CHO. Therefore, 108 c.c. of o-iN iodine 

Thn^^rt 111 t0 f Z £° f X °' 108 ’ or °' 162 of H.CHO. 
Ihus 1 litre of the formaldehyde solution would contain 

40 X 0-162, or 6-48 grams, of H.CHO 


SUGGESTED EXPERIMENTS ON CHAPTER V 
decinormal s“iution e oFtod1nf ge ° f in tartar emetic Given a 

gpSSsgsslI 

±fs?Sstlsl.lf:S 

v&u Yo ££S v, £ S“,nw. K h*;i a s i rr , “ “ a "™ 

iS XLS!™ - -Mon o, 

in the two experiments. pnate. Compare your results 

iodide MiIutTonfand'decinormaf sodiifm thi r * < ^ e | T T° DS HCI - 

result with that obtained using stancfard^nntaL,' ‘ trC ' Com P are your 

van 0 adiuI 0 "n“he P dTvaknt s'llte VhichZ \ ^“^g'tSTulphfte of 
valent state by KMnO,. You are 


ii6 


VOLUMETRIC ANALYSIS 


decinormal solutions of potassium permanganate, and sodium thiosul- 
phate ; and an approximately decinormal solution of ferric sulphate 
(in 2N, sulphuric acid), and an approximately decinormal solution oi 

iodine in KI solution. _ , , * 

You are required to investigate the oxidation of A produced oy 
titrating aliquot portions of it with the ferrous sulphate and 10 n 

11. Given decinormal solutions of iodine and sodium thiosulphate 

determine the percentage of tin in stannous chloride. rminp 

12. By means of KI and decinormal sodium thiosulphate determine 
the percentage of iron in iron alum. Compare your result with tnar 

obtained by the potassium permanganate method. 

13. You are provided with solid KI and decinormal sodium thio 
sulphate, and are required to determine the amount of cupric hydrox de 
precipitated with the amount of decinormal ammonium hydrox ^ 
added to an approximately decinormal solution of Cub<J 4 .5tt 2 1 -'* 

your results in the form of a curve. tct and 

7 Take 25 c.c. of the copper sulphate solution, add ’ cc 

titrate with decinormal thiosulphate. To further P^ ° t 5 ive i y 

of the solution, add excess KI, and 5, 10, 15.20, and 2 5 ^.respective y 
of decinormal ammonium hydroxide, and titrate with t 

tlU i°4 SUl You e are provided with decinormal solutions of £toe and 
alkaline arsenite. Determine the strength of the bench NaOH. 

alkalme arsemre an d A normal solutions of aluminium sulphate. 

Prepare also a potassium iodide-iodate mixture (as toctedm l«d. 

and P by means of this solution, determine th " d ^ e ti ° n Vt?e lSrat^ 
the aluminium sulphate at each concentration by 1:1 tratl "f, “ pint vour 
iodine with the decinormal sodium thiosulphate solution. Plot your 

reS i6 ltS R e o ea t ° e xp e r i m e n f V 1 5 with solutions of (a) cobalt sulphate 
(6) 1 nicked. 6 su lphateTand (c) felons sulphate. Use the same range of 

eoncenttadonsas^n experiment 15^ ^ sulphuric acid and 

decinormal sodium thiosulphate. . ^‘"m'angln'ate and^h/a sofution 
per litre, of {a) a solution of potassium permanganate, ana ; 

of potassium dichromate. Hi^hromate react with KI in 

N B —Potassium permanganate and dichromate react w 



CHAPTER VI 


VOLUMETRIC DETERMINATIONS INVOLVING THE USE 
OF STANDARD SOLUTIONS OF SILVER NITRATE, 
SODIUM CHLORIDE, AND AMMONIUM THIOCYAN- 
ATE ; BASED UPON PRECIPITATION METHODS 


86. The Uses of Standard Silver Nitrate Solution. 
Standard silver nitrate solution is employed in the determina- 
tion of soluble inorganic halides, alkali cyanides, and various 
indirect determinations based on these methods. For 
example, in the estimation of a solution of sodium chloride, 
the standard silver nitrate solution is run into a neutral 
solution of the chloride until the precipitation of the chlorine 
as silver chloride is complete. The reaction may be repre- 
sented in the following manner : 

Ag + N0 3 + Na + Cl = AgCl + Na + N0 3 . 

, The ex act ‘ end-point ’ is, however, rather difficult to 
determine unless another substance is employed as an indi- 
eat° r - T . h e indicator in common use is potassium chromate, 
K 2 Cr0 4 , in neutral solution. A drop of the chromate solution 
is added to the chloride solution until the liquid is just tinged 
a faint yellow, and the solution is then titrated with the 
standard silver nitrate solution ; as long as there are free 
chlorine ions in the solution the silver ions from the silver 
nitrate will combine with them to form silver chloride in 


preference to combining with the Cr0 4 ions, but, as soon as 
all the chlorine ions have been removed, the addition of one 
more drop of silver nitrate will cause a red precipitate of silver 
chromate. TheJjmd-point ’ of the titratio n is. thus. , Wilte d 
^appearance ofj a faint, permanent^ reddish tin ire. 

The principle of Fractional Precipitation upon'which the 
above method depends is governed by the product of the 
concentrations of the respective ions in the reacting solutions 

tion 6 th^ m a Case sodium chloride ^ aqueous solu- 
uon, the salt is dissociated into electropositive sodium ions 

and electronegative chlorine ions, viz. : S 

NaCl ^ Na + Cl. 


Let [NaCl] denote the concentration of the sodium chloride, 
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[Na] the concentration of the sodium ions, and [Cl] the con- 
centration of the chlorine ions. Then, according to Ostwald s 

dilution law, + _ 

[N a] [Cl] _ 

[NaCl] 

Now in a saturated solution, the concentration [NaCl] is 
’ + - 

fixed K is constant ; therefore, the ionic product [N a] [Cl] is 

also constant. This ionic product is known as the real 

solubility or the solubility product, and it is therefore constant 

for a saturated solution of an electrolyte ; moreover, when 

the value of this solubility product is exceeded precipitation 

Bv the application of this principle we can explain the 
phenomenon of fractional precipitation which enables potas- 
sium chromate to be used as an indicator in the titration of 

soluble inorganic halides by silver nitrate. . , , 

Although we commonly regard silver chloride as an insoluble 

salt, it is, in reality, soluble in water to a very slight, but, 

nevertheless, very important, extent. 

Actually, the solubility of AgCl is o-ooooi gram-molecule 

at Thus C 'in a saturated solution of AgCl (which we are always 
dealing with when titrating a chloride solution with AgNO a ) 

we have : 

AgCl A g + Cl, 

and the solubility product [Ag][Cl] is constant. 

Now? since the solubility of AgCl is o-ooooi gram-molecule 

at 1 8° C the concentration (in gram-molecules) of the Ag ion 
will be o-ooooi, and, similarly, the concentration of the 

C1 T°hus Wi ?hfs 0 olubuity 0 pr I oduct of AgCl is [o-ooooi][o-ooooi] 

0r c I0 ”i!'rl„ ciiver chromate is soluble to the extent of o-oooo8 
gram-molecule at 18° C. Thus, in a saturated solution of the 

salt, we have , 


Ag 2 CrO 


: Ag + Ag + Cr 0 4 , 


,8 " c - “ 
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o*oooo8 gram-molecule, the molecular concentration of the 
Ag ions will be 2 x o-oooo8, or 0-00016 ; and the molecular 


concentration of the Cr 0 4 ions will be o-oooo8. 

Thus, the solubility product is [0-00016] 2 [o*oooo8], or 
2 x io“ 12 


In the titration of a soluble chloride by silver nitrate, using 

K 2 Cr 0 4 as the indicator, the Ag ion is in equilibrium with 
both the AgCl and the Ag 2 Cr 0 4 in solution, and, consequently, 

we can calculate the ratio of the Ag ion in equilibrium with 

the AgCl to the Ag ion in equilibrium with the Ag 2 Cr 0 4 
(remembering that 2 molecules of AgCl are equivalent to 
i molecule of Ag 2 Cr 0 4 ). 


This ratio will be 


_ [Ag] [Cl] [Ag] [Cl] 

[Ag + ] 2 [Cr0 4 = ] ' 

= [IQ" 10 ] 2 

2 X IO~ 12 ’ 


— 1 
~ 2 X IO 8 ' 

Thus, in the supernatant liquid, the ratio of the Ag ion 

combined with the Cl ion to the Ag ion combined with the 

Cr 0 4 ion is i : 2 x 10 8 , and, when this ratio is reached in the 
titration, the silver chromate is precipitated. 

In the same way a value can be obtained for the titration 
of a bromide or an iodide by means of silver nitrate, employing 
potassium chromate as an indicator. 


PRECAUTIONS TO BE OBSERVED WHEN TITRATING 

WITH SILVER NITRATE 

(1) The titration must always be carried out in neutral 
solution, and the potassium chromate solution used as 
the indicator must also be neutral, as silver chromate 
is soluble in acids. Consequently, if the solution is acid 
it must be carefully neutralized by the addition of 
sodium carbonate solution. 

(2) The titration must be carried out in the cold, as the 

solubility of the silver chromate is affected by a rise of 
temperature. 
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(3) Only a small amount of potassium chromate solution 
must be added to the reacting solutions : just sufficient 

to tinge the liquid a faint yellow. 

(4) As the ‘ end-point ' of the reaction (in titrating a 
halide) is indicated when a slight excess of silver nitrate 
has been added, the titration must be carried out very 
carefully to minimize error. 

PREPARATION OF DECINORMAL SILVER NITRATE 

SOLUTION 

In the reaction : 

Na + Cl + Ag + N 0 3 = AgCl + Na + N 0 3 
it will be seen that 1 molecule of AgNO s is equivalent to 
1 atom of chlorine. Consequently, a normal solution o 
AgNO-, will be a molar solution, and, therefore, a decinorma 
solution of the salt will contain one-tenth of the formula 

weight of AgN 0 3 per litre, i.e. 17 grams. A arp 

Tust over 8-5 grams of the pure, recrystallized AgN 0 3 are 

weighed accurately, dissolved in cold distilled water an 
diluted to the required volume. For example, suppose hat 
8-535 grams of the crystals were taken, dissolved in distill 

water, and diluted to 5 00 c * c * 

Then, the normality of the solution is 

Thus, 8-535 grams of AgNO s would be contained in 
500 x *^ 535 , or 502 c.c., of decinormal AgN 0 3 solution. 

500 c.c. of the silver nitrate solution would then be diluted 
to 502 c.c. and labelled o-iN.AgN 0 3 . 

Thf Determination of Soluble Halides. Any 
soluble ^organic Xte may be estimated directly by titration 
w/th 31 decinormal silver nitrate solution using potassium 

as the indicator in neutral solution. 

Ch FoT example in the case of sodium chloride, the reaction 

may be written : 


Na 


NaCl 


AgN0 3 ^ N0 3 + 
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To Estimate a Solution of Potassium Bromide. A portion 
of the bromide solution is, first of all, tested for free acid, 
and, if the test is positive, the solution is carefully neutralized 
by means of dilute sodium carbonate solution, employing 
methyl orange as the indicator. Aliquot portions of the 
neutral bromide solution are then titrated with o-iN.AgN 0 3 
solution, using 1 or 2 drops of neutral K 2 Cr 0 4 solution as the 
indicator ; the * end-point ’ of the reaction being indicated 
when a faint, permanent reddish tinge of silver chromate is 
produced in the liquid. 

Suppose, for example, that 25 c.c. of the solution of 
potassium bromide required a mean volume of 187 c.c. 
of o*iN.AgN 0 3 to precipitate all the KBr as AgBr. 

Then 1 litre of the solution would need 40 x 187, or 748 c.c., 
of o-iN.AgN 0 3 . 

Now, AgN 0 3 = Br = KBr. 

Thus, 170 grams of AgN 0 3 are equivalent to 119 grams 
of KBr. Therefore, 1 litre of o-iN.AgN 0 3 is equivalent 
to 11 *9 grams of KBr. 

Therefore, 748 c.c. of o*iN.AgN 0 3 are equivalent to 
n*9 x 0748, or 8*90 grams, of KBr. 

Thus, the given solution contains 8 -go grams of KBr per 
litre. 

88. To Determine the Percentage of Chlorine in 
Sodium Chloride. About 1 gram of the pure sodium 
chloride is weighed accurately, dissolved in distilled water, 
and diluted to 250 c.c. If necessary, the solution is neutralized 
before diluting to the above volume. Aliquot portions of 
50 c.c. of the chloride solution are then titrated with 
o-iN.AgN 0 3 using 1 or 2 drops of neutral K 2 Cr 0 4 solution 
as the indicator. At least three concordant results are 
obtained, and the amount of chlorine is determined from the 
titration values employing the equivalents : 

AgN 0 3 = Cl ; 

i.e. 1 litre of o*iN.AgN 0 3 is equivalent to 3-55 grams of Cl. 

For example, in an experiment, 1*180 grams of sodium 
chloride were dissolved in distilled water, neutralized with 
dilute Na 2 C 0 3 solution, and diluted to 250 c.c. As a mean 
of three titrations, 50 c.c. of the solution required 26*2 c.c. of 
o*iN.AgN 0 3 to effect the reddish tinge with K 2 Cr 0 4 . 

Thus, 250 c.c. of the solution would require 5 x 26*2, or 
131 c.c., of o*iN.AgNO a . And, since 1 litre of o-iN.AgN 0 3 
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is equivalent to 3-55 grams of Cl, 131 c.c. of o-iN.AgN 0 3 
would be equivalent to 3-55 X 0-131, or 0-465 gram, of Cl. 
Therefore, the percentage of chlorine in NaCl is 

0*465 

X I0 °' ° r 39 ' 3 /o * 


89. The Estimation of Chlorine in a Natural Water. 
For this purpose a centinormal solution of AgN 0 3 is generally 
to be preferred : this is easily prepared by taking a suitable 
volume of decinormal AgN 0 3 and diluting it tenfold with 
distilled water. Moreover, as it is customary to express the 
result in grains per gallon, it is convenient to titrate 70 c.c. 
of the solution at a time ; one gallon of water weighs 70,000 
grains, and as 70 c.c. of water weigh 70,000 milligrams the 
answer can then be expressed directly in parts of chlorine per 
70,000 parts of water, i.e. in grains per gallon. 

As in the previous determinations, the solution must be 
tested for neutrality, and if it is acid (as is frequently the 
case) it must be carefully neutralized by the addition of 
dilute Na 2 C 0 3 solution, using methyl orange as the indicator. 

For example, it was found that, as a mean of three titra- 
tions, 70 c.c. of a specimen of a mineral water required 67-6 c.c. 
of o-oiN.AgN 0 3 to effect the permanent reddish tinge, with 
neutral K 2 Cr 0 4 as the indicator. 

Now, 1 litre of o-oiN.AgN 0 3 is equivalent to 0-355 g ram 
of Cl. Therefore 67-6 c.c. of o-oiN.AgN 0 3 are equivalent 
to 0-355 X 0-0676 X 1000, or 24 milligrams, of Cl. 

Thus the mineral water contains 24 grains of chlorine per 

gallon. 

90. The Determination of a Mixture of Two Halides. 
As in the determination of a mixture of acids by means of 
standard alkali (§ 24 ; see also §§ 25 and 26), the total weight 
of the halides must be known, and the accuracy of the method 
depends upon the difference between the equivalents of the 
respective halides ; the greater this difference the more 
accurate is the result. Accuracy in titration is also very 
important, since a small error will introduce a comparatively 
large error in the calculation. It must therefore be borne in 
mind that this method of determination is only an approximate 

OI1 A known weight of the mixture is dissolved in distilled 
water neutralized, if necessary, as described in the preceding 
determinations, and diluted to a convenient volume. Aliquot 
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portions of the solution are then titrated with o-iN.AgN 0 3 , 
using neutral K 2 Cr 0 4 as the indicator ; e.g. : 

To Estimate a Mixture of Sodium Chloride and Potassium 
Iodide. The proportions of NaCl and KI respectively in a 
solution of the mixture are calculated as follows : 

Let * be the amount of NaCl in 1 litre of the solution, and 
Let y be the amount of KI in 1 litre of the solution. 

Then the amounts of each halide in 1 litre of the solution 
can be calculated from the following simultaneous equations : 

x +y = m 1 (a) 



where m x denotes the weight of mixed halides in 1 litre of the 
solution, and m 2 the weight of AgN 0 3 required to completely 
precipitate all the halogen in 1 litre of the solution as silver 
halide. In ( b ), 170, 58*5, and 166 are the chemical equivalents 
of AgN 0 3 , NaCl, and KI respectively. 

Method. An accurately known weight of the mixture is 
dissolved in distilled water, neutralized, if necessary, by the 
addition of dilute Na 2 C 0 3 solution as described in the previous 
determinations, and diluted to a convenient volume. Aliquot 
portions of this solution are then titrated with o-iN.AgN 0 3 , 
using one or two drops of neutral K 2 Cr 0 4 as the indicator. 
The amounts of each halide are then determined from the 
titration values, employing the above simultaneous equation. 

For example, 5-84 grams of the mixture of NaCl and KI 
were dissolved in distilled water, neutralized as described 
above, and diluted to 250 c.c. Therefore m x = 5-84 x 4, or 
23-36 grams. 

As a mean of three titrations, 25 c.c. of this solution required 

51-0 c.c. of o-iN.AgN 0 3 to effect the reddish tinge with the 
K 2 Cr 0 4 . 

Thus, 1 litre of the solution would require 40 x 31, or 
2040 c.c., of o-iN.AgNC) 3 . 

Now 1 litre of o-iN.AgN 0 3 contains 17 grams of AgNO a . 
therefore 2-04 litres of o-iN.AgNCL contain 17 x 2-04, or 
34-68 grams, of AgNO a . 

Consequently, ra 2 = 34-68 grams. 

Substituting these values in the above simultaneous 
equation, we get 


x + y = 23 - 36 . 
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From which # = 5*70 and y = 17*66 grams respectively. 
Therefore, the percentage of NaCl in the mixture is 


or 24- 4%, and the percentage of KI in the mixture 

23*36 

is or 75-6%. 

23*36 /0 


91. The Determination of Alkali Cyanides. If excess 
of silver nitrate solution is added to a solution of an alkali 
cyanide, a precipitate of silver cyanide is formed according 
to the equation (in the case of sodium cyanide) : 


NaCN 


Na + 



AgNO a ^ N 0 3 + 

• • • 

jr 

AgCN (1) 

If, however, excess of the alkali cyanide be present, the silver 
cyanide dissolves in the excess of sodium cyanide forming the 
double cyanide NaAg(CN) 2 . Thus, in this case, the equation 
must be represented by the equation : 

2NaCN + AgN 0 3 = NaAg(CN) 2 + NaNO s (2) 

It will be observed that the double cyanide is composed of 
1 molecule of NaCN associated with 1 molecule of AgCN. 
When however, 1 molecule of the excess NaCN has ‘ dis- 
solved’ ' 1 molecule of AgCN, the slightest addition of silver 
nitrate solution will result in the decomposition of the double 
cyanide with the precipitation of AgCN according to the 

equation : 

NaAg(CN) 2 + AgN 0 3 = 2AgCN + NaN 0 3 (3) 


Consequently, in titrating a solution of an alkali cyanide 
with standard silver nitrate solution, the end-pomt ol 
reaction (2) may be indicated by the beginning of reaction (3) ; 
i.e. when the addition of 1 drop of the silver nitrate solution 
produces a permanent precipitate of silver cyanide. An 
obvious precipitate means that the end-pomt has been 
overreached, and a slight turbidity of the solution only should 
be obtained in an accurate determination. The cyanide is 
then estimated from the titration values, employing (in the 
case of NaCN) the equivalents : 

AgN 0 3 = 2NaCN from equation (2) ; e.g. 
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To Determine the Percentage of Cyanogen in Pure KCN. 
An accurately known weight of the pure cyanide is dissolved 
in distilled water and diluted to a convenient volume. Aliquot 
portions of the solution are then titrated with o-iN.AgNO a 
solution and the ' end-point ’ is marked by the production of 
a faint, permanent turbidity of the solution, due to the com- 
mencement of the precipitation of the AgCN. The amount 
of cyanogen is then determined from the mean titration value, 
employing the equivalents : 

AgN 0 3 = 2KCN = (CN) 2 ; 

i.e. 170 grams of AgNOg are equivalent to 52 grams of (CN) 2 ; 
or 1 litre of o-iN.AgNO a is equivalent to 5*2 grams of (CN) 2 . 

For example, 1-097 grams of pure KCN were dissolved in 
distilled water and diluted to 250 c.c. As a mean of three 
titrations, 50 c.c. of the cyanide solution required 22-4 c.c. of 
o-iN.AgN 0 3 to produce a faint, permanent turbidity in the 
solution. 


Thus, 250 c.c. of the solution would need 22-4 X 5, or 
112 c.c., of o-iN.AgN 0 3 . 

Then, since 1 litre of o-iN.AgN 0 3 is equivalent to 5-2 grams 
of (CN) 2 , 112 c.c. of o-iN.AgN 0 3 are equivalent to 5-2 x 0-112, 
or 0-582 gram, of (CN) 2 . 


Therefore, the percentage of cyanogen in pure potassium 
cyanide is 0 . 5 8 2 

^ x 100, or 53 -i%. 


(For another method of estimating alkali cyanides see 
§ 100.) 

92. The Determination of Chlorates. When potas- 
sium chlorate is heated it decomposes, the final products 
being potassium chloride and oxygen, viz. : 

(a) 4KC10 3 = 3KC10 4 + KC 1 . 

(b) KC 10 4 = KC 1 + 20 2 . 

The complete reaction may therefore be written : 

2KC10 3 = 2KCI + 30 2 . 

If, therefore, a chlorate is heated until it is completely 
decomposed, and the residual chloride dissolved in distilled 
water, it can be estimated as a chloride by means of standard 
AgN 0 3 ; e.g. 

To Determine the Purity of a Sample of Potassium Chlorate. 
A portion of the chlorate is weighed accurately in a tared 
crucible, and is then ignited carefully to constant weight. 
The residue, when cool, is extracted with distilled water. 
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neutralized, if necessary, as described in § 87, and diluted to 
a suitable volume. Aliquot portions of this solution are then 
titrated with decinormal silver nitrate solution, using 1 or 2 
drops of dilute neutral K 2 Cr 0 4 solution as the indicator, in 
the usual manner. The amount of chlorate is then deter- 


mined from the mean titration value employing the equi- 


valents : 


AgN 0 3 = Cl = KCIO3. 


Thus, 170 grams of AgN 0 3 are equivalent to 122*5 grams of 
KC 10 3 ; i.e. 1 litre of o*iN.AgN 0 3 is equivalent to 12*25 grams 
of KC 10 3 . 

For example, 3*315 grams of pure KC 10 3 were ignited to 
constant weight and the residual chloride made up to 250 c.c. 
as described above. As a mean of three titrations, 25 c.c. 
of this solution required the addition of 25*8 c.c. of o*iN.AgN 0 3 
to effect the colour change with K 2 Cr 0 4 . 

Thus, 250 c.c. of the solution would need 258 c.c. of 

o*iN.AgN 0 3 . 

Then, since 1 litre of o*iN.AgNO a is equivalent to 12*25 
grams of KC 10 3 , 258 c.c. of o*iN.AgN 0 3 are equivalent to 
12*25 X 0*258, or 3*160 grams, of KC 10 3 . 

Thus the percentage of KC 10 3 in the sample of potassium 

chlorate is 

3 l6 - ° x 100, or 98 - 4 %. 

3-315 


INDIRECT DETERMINATIONS BY MEANS OF STANDARD 

SILVER NITRATE 

Any metal which forms an insoluble carbonate and a 
soluble chloride may readily be estimated indirectly by 
means of standard silver nitrate solution ; e.g. the amount of 
carbon dioxide in most carbonates ; the alkali salts of some 
organic acids (which are converted into carbonates on ignition), 
etc., can also be determined in this way. The method is 
based upon decomposition with HC 1 with the formation of 
a soluble chloride. The chloride is then estimated by means 
of standard silver nitrate in the usual way. A few typical 
indirect estimations with standard silver nitrate are given 

below. 

QQ The Estimation of Barium in Barium Carbonate. 
An accurately known weight of the pure carbonate is dissolved 
in HC 1 and evaporated to dryness, care being taken to avoid 
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loss by spitting (the evaporation should be performed on the 
water bath) : 

BaCO s + 2HCI = BaCl 2 + C 0 2 + H 2 0 . 

The residual barium chloride is dissolved in distilled water 
and again evaporated to dryness on the water bath ; this 
step is necessary in order to expel the traces of acid which 
are to be found in the first residue of the barium chloride. 
The BaCl 2 is then dissolved in distilled water, and tested for 
neutrality ; if the solution is still acid it is neutralized by the 
addition of dilute sodium carbonate solution using methyl 
orange as an indicator. The neutral solution is then diluted 
to a convenient volume, and aliquot portions are titrated with 
o-iN.AgNOg, using 1 or 2 drops of neutral K 2 Cr 0 4 as the 
indicator. The barium is then estimated from the mean 
titration value employing the equivalents : 

2AgN0 3 = Ba. 

Thus, 2 x 170 grams of AgN 0 3 are equivalent to 137*4 
grams cx Ba ; i.e. 1 litre of o*iN.AgN 0 3 is equivalent to 
6*87 grams of Ba. 

For example, -in an experiment, 3*908 grams of pure, 
precipitated barium carbonate were converted into a neutral 
solution of barium chloride as described above. The volume 
of the solution was 500 c.c. It was found, as a mean of 
three titrations, that 25 c.c. of the chloride solution required 
19*8 c.c. of o*iN.AgN 0 3 to effect the reddish tinge with 
K 2 Cr 0 4 . Therefore, 500 c.c. of the chloride solution would 
need 20 x 19*8, or 396 c.c. of o*iN.AgN 0 3 . 

Then, since 1 litre of o*iN.AgN 0 3 is equivalent to 6*87 
grams of Ba, 396 c.c. of o*iN.AgN 0 3 are equivalent to 
6*87 x 0*396, or 2*720 grams, of Ba. 

Therefore the percentage of barium in barium carbonate is 

2*720 , , , 

x I00 > or 69*6%. 

94 - The Determination of Carbon Dioxide in a 
Soluble Carbonate. A solution of a carbonate, of known 
strength, is precipitated as barium carbonate by the addition 
01 excess of barium chloride solution ; e.g. 

K a C 0 3 r^K -f K -f ; C 0 3 ; 

BaCl 2 ^ Cl 4 ~ Cl -}- : Ba \ 

' T * 

BaCO a 
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The precipitated barium carbonate is filtered, washed, and 
dissolved in HC 1 , viz. : 

BaC 0 3 + 2HCI = BaCl 2 + C 0 2 + H 2 0 . 

The resulting solution is evaporated to dryness on the 
water bath, and the residual chloride is dissolved in distilled 
water and again evaporated to dryness in order to eliminate 
traces of HC 1 . The final residue is then dissolved in distilled 
water, and the last trace of acid destroyed, if necessary, by 
the addition of dilute sodium carbonate solution, using methyl 
orange as the indicator. The solution is then diluted to a 
suitable volume, and aliquot portions are titrated with 
o-iN.AgNOg, using one or two drops of dilute, neutral K 2 Cr 0 4 
solution as the indicator. The amount of carbon dioxide is 
then determined from the mean titration value, employing 

the equivalents : 2AgN o 3 = 2 HC 1 = C 0 2 . 

Thus, 170 grams of AgNO s are equivalent to 22 grams of 
C 0 2 ; i.e. 1 litre of o*iN.AgN 0 3 is equivalent to 2-2 grams 

of CO 

° For example, 1*172 grams of anhydrous potassium carbonate 
were dissolved in water, precipitated as barium carbonate, 
and converted to 250 c.c. of barium chloride solution as 
described above. As a mean of three titrations, it was found 
that 25 c.c. of the chloride solution required 17*0 c.c. of 
o-iN.AgNOo to effect the reddish tinge with K 2 UrU 4 . 

* Thus, 250 c.c. of the chloride solution would need 170 c.c. 

°^Then, sfnce 1 litre of o*iN.AgN 0 3 solution is equivalent to 
2*2 grams of C 0 2 , 170 c.c. of o*iN.AgN 0 3 will be equivalent 
to 2*2 X 0*170, or 0*374 grams of C 0 2 . , , 

Therefore, the percentage of carbon dioxide in anhydrous 

K 2 C 0 3 is 0*374 0/ 

x 100, or JT*9%- 

1*172 

0< - The Indirect Determination of the Alkali Salts 

of some Organic Acids. The method is ba f ed ^P°^ ^ 
fact that the alkali salts of many organic acids yield carbonates 
on ignition. The estimation then proceeds as in the case ot 

a C F “?°“^l? 3 ctfi™ ace t a«., on <*y distillation, yields 
calcium carbonate with the evolution of acetone, viz. . 

CH - C °°\ca - %0 + C.CO„ 

CH3COO/ 


ch/ 
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In a similar manner the oxalate of an alkali metal yields a 
carbonate and carbon monoxide, when ignited, viz. : 


COONa 


COONa 


Na 2 C 0 3 -f- CO. 


VOLUMETRIC ESTIMATIONS WITH STANDARD SODIUM 

CHLORIDE SOLUTION 

96. The Uses of Standard NaCl Solution. By a 
reversal of the method of estimating a solution of sodium 
chloride by means of standard silver nitrate solution, silver, 
in its soluble salts, may be determined by titration with a 
standard solution of sodium chloride. 

Preparation of the O'iN.NaCI Solution. The equivalent 
weight of NaCl is 58-5, and a decinormal solution will contain, 
therefore, 5-85 grams of NaCl per litre. It is best to weigh 
accurately about 6 grams of the pure sodium chloride, dilute 
to 1 litre with distilled water, and standardize the solution by 
means of OTN.AgN 0 3 solution, using 1 or 2 drops of the 
neutral K 2 Cr 0 4 solution as the indicator. The solution is 

then diluted by the addition of the calculated amount of 
distilled water. 

Method of Using Decinormal NaCl Solution. In estimating 
the amount of silver in a given solution, neutral K 2 Cr 0 4 is 
used as the indicator as in the determination of halides by 
means of standard silver nitrate solution. To ensure accuracy, 
however, the unknown silver solution must be run into a 
measured volume of the o-iN.NaCl solution, to which 1 or 2 
drops of the indicator have been added, until the faint, per- 
manent reddish tinge appears. If the indicator is added to 
. e stive: r solution and the standard NaCl solution then run 
m, the end-point ' is unsatisfactory. Here, again, both the 
reactmg solutions must be neutral. 

To Determine the Percentage of Silver in Silver Nitrate. An 
accurately known weight of the pure, recrystallized silver 
nitrate is dissolved in distilled water, neutralized, if necessary, 
y , ® addition of dilute sodium carbonate solution, using 
methyl orange as the indicator, and diluted to a convenient 
vo ume. 25 c.c. of the o*iN.NaCL solution are transferred 
to a small flask, a few drops of neutral K 2 Cr 0 4 solution added 
e indicator, and the silver nitrate solution run in from a 
burette until the reddish tinge is obtained. Three concordant 
9 
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results are obtained, and the silver estimated from the mean 
titration value employing the equivalents : 

NaCl = A g. 

Thus, 58-5 grams of NaCl are equivalent to 108 grams of 
Ag ; i.e. 1 litre of o-iN.NaCl is equivalent to io*8 grams of Ag. 

For example, 5*316 grams of pure AgN0 3 were dissolved in 
distilled water, neutralized as described above, and diluted to 
250 c.c. It was found that, as a mean of three determinations, 
25 c.c. of o*iN.NaCl needed the addition of 20*0 c.c. of the 
silver solution to produce the reddish tinge with K 2 Cr0 4 . 

25 

Thus, 250 c.c. of the silver solution would require — x 250, 
or 312*5 c.c., of o-iN.NaCl. 

Then, since 1 litre of o-iN.NaCl is equivalent to io*8 grams 
of Ag, 312-5 c.c. of o*iN.NaCl are equivalent to io-8 X 0*3125, 
or 3*375 grams, of Ag. 

Therefore, the percentage of silver in silver nitrate is 

x 100, or 63- 5%. 

5*310 

VOLUMETRIC DETERMINATIONS WITH STANDARD 

AMMONIUM THIOCYANATE 

97. The Uses of Standard Ammonium Thiocyanate 
Solution. Any volumetric determination which can be 
carried out with standard silver nitrate or sodium chlonde 
solutions may also be performed, either directly or indirectly, 
by means of a standard solution of ammonium thiocyanate. 
The solution is used in two main ways : (a) In the determina- 
tion of silver in its alloys or soluble salts, or ( b ) in the indirect 
determination of halides. The method is based upon the 
reaction of silver nitrate with ammonium thiocyanate to give 
a sparingly soluble precipitate of silver thiocyanate according 

to the equation : 


+ N0 3 
+ NH, 

jr 

AgCNS 

The ‘ end-point ’ of the reaction is indicated by adding a 
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little ferric sulphate to the silver nitrate solution ; when all 
the silver has been converted to AgCNS a permanent blood- 
red tinge, due to the formation of ferric thiocyanate, is 
imparted to the liquid. 

The ammonium thiocyanate method has the great advan- 
tage over the sodium chloride method for the determination 
of silver that the ‘ end-point * is unaffected by free acid at 
ordinary temperatures, and it is, therefore, widely used in 
silver determinations. 

Preparation of Decinormal Ammonium Thiocyanate. Since 
1 molecule of NH 4 CNS is equivalent to 1 molecule of AgNO a , 
a normal solution of ammonium thiocyanate solution will be 
a molar solution. A o-iN.NH 4 CNS solution will contain, 
therefore, 7-6 grams of NH 4 CNS per litre. The salt is, how- 
ever, too deliquescent to permit accurate weighing, so about 
8 grams of the salt are weighed roughly, dissolved in distilled 
water, and diluted to 1 litre. Aliquot portions of this solu- 
tion are then titrated with o-iN.AgN 0 3 solution, using ferric 
sulphate as the indicator in the manner described above (for 
the preparation of the indicator see below). The NH 4 CNS 
solution is then diluted to the calculated volume required to 
make it accurately decinormal. 

For example, suppose that 25 c.c. of the NH 4 CNS solution 
required a mean volume of 27-2 c.c. of o-iN.AgN 0 3 to effect 
the colour change with ferric sulphate. 

Then (27-2 — 25), or 2-2 c.c., of water must be added to 
each 25 c.c. of the NH 4 CNS solution to make it decinormal ; 
i.e. 1 litre of the solution will require the addition of 40 x 2-2' 
or 88 c.c., of distilled water. 

The Preparation of the Indicator : Ferric Sulphate. Although 
any ferric salt would give a blood-red colour with NH 4 CNS, 
ferric sulphate is used in preference to ferric chloride, since 
the latter would react with the silver nitrate used in the 
determination, giving a white precipitate of AgCl. The 
indicator is best prepared by dissolving one or two crystals of 

* n an ac l ueous solution of nitric acid (1 volume 
ot HNOg : 2 volumes of H 2 0 ), and boiling ; the ferrous sul- 
phate is thus oxidized to ferric sulphate ; the boiling is 
continued until all nitrous fumes have been expelled, and the 
solution is then diluted with its own volume of water. About 
3 c.c. of this solution should be used as the indicator in each 
titration. It is important that, in any determination, the 
same volume of ferric sulphate solution should be used in each 
titration ; the free nitric acid present in the indicator solution 
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does not affect the ' end-point ’ of the reaction adversely ; 
in fact, its presence gives greater accuracy to the determination. 

98. The Determination of Silver in a Silver Alloy. 
About one gram of the alloy is weighed accurately and dis- 
solved under the action of gentle heat in dilute nitric acid. 
If any residue is left it is filtered, washed with distilled water, 
and the combined filtrate and washings diluted to a con- 
venient volume. Aliquot portions of the diluted solution are 
then titrated with o-iN.NH 4 CNS, using 3 c.c. of ferric sulphate 
solution as the indicator. Three concordant results are 
obtained (using the same amount of indicator in each titra- 
tion), and the amount of silver is determined from the mean 
titration value employing the equivalents : 

NH 4 CNS = Ag. 

Thus, 1 litre of o-iN.NH 4 CNS is equivalent to io-8 grams 
of Ag. 

For example, in the estimation of a silver-copper alloy, 
1-232 grams of the alloy were dissolved in dilute nitric acid, 
and, after filtration and washing of the residue, the solution 
was diluted to 200 c.c. As a mean of three determinations, 
it was found that 50 c.c. of the silver solution required 20-5 c.c. 
of o-iN.NH 4 CNS solution to effect the colour change with 
ferric sulphate. 

Thus, 200 c.c. of the silver solution would require 4 X 20-5, 
or 82 c.c., of o-iN.NH 4 CNS. 

Then, since 1 litre of o-iN.NH 4 CNS is equivalent to io-8 
grams of Ag, 82 c.c. of o-iN.NH 4 CNS are equivalent to 
io-8 X 0-082, or 0-886 gram, of Ag. 

Thus, the percentage of silver in the alloy is 

0-886 0/ 

X 100, or 7 /* 9 %. 

1-232 

99. The Estimation of Soluble Halides by Means of 
Standard NH 4 CNS. The method of determination consists 
in allowing a solution of the halide to react with a measured 
excess of standard AgN 0 3 solution. The precipitated silver 
halide is filtered off, washed well with distilled water, and the 
filtrate and the washings made up to a suitable volume with 
distilled water. Aliquot portions of this solution are then 
titrated with decinormal NH 4 CNS, using ferric sulphate as 
the indicator as described in § 97 ; the excess AgN 0 3 is thus 
determined, and the halide is calculated from the titration 

values. 
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For example, in the estimation of sodium bromide, the 
reactions are : 

(a) Na+Br+Ag+NO, = AgBr+Na+N 0 3 . 


(6) Ag+N 0 3 +NH 4 +CNS = AgCNS+NH 4 +N 0 3 . 

(excess) 

To Determine the Amount of KCl in a Cold, Saturated 

Solution of Potassium Chloride by Means of Decinormal 

NHfCNS Solution. 25 c.c. of the saturated solution of KCl 

were diluted to 1 litre with distilled water. Portions of 25 c.c. 

of this solution were then mixed with portions of 50 c.c. of 

o-iN.AgN 0 3 solution ; the precipitated AgCl was filtered, 

washed, and the combined filtrate and washings titrated with 

0TN.NH4CNS, using 3 c.c. of ferric sulphate solution as the 

indicator in each titration. It was found that a mean volume 

of 227 c.c. of o-iN.NH 4 CNS was required to precipitate the 
excess AgN 0 3 as AgCNS. 

c,c * or iginal KCl solution (1 litre of the 

J XT S a 01 x^ n) WOuld re( l uire 40 X (50 - 4527), or 1092 c.c., 
of o-iN.AgN 0 3 to precipitate all the KCl as AgCl. 

Now > AgN 0 3 = KCl. 

Lrri hUS 4'u 7 °F amS i ( ? f A & N0 3 are equivalent to 74-5 grams of 
grams liKCl^ * ^ ° f ° ,iN - A S N 0 3 » equivalent to 7.45 

t 1 092 !> ltres of ° ,lN - A gN0 3 are equivalent to 

1*092 x 7-45, or 8-135 grams, of KCl. 

Therefore 100 c.c. of a cold, saturated solution of potassium 
chloride contain 4 x 8-135, or 32-54 grams, of KCl. 

100. The Determination of Alkali Cyanides by 
DrinHnl ° F STAN , DARD NH<CNS. In this determination the 

standard NHPNq to r , that m the estimation of halides by 
standard N HiCNS . The aqueous solution of the cyanide is 

. - • 1 • j | excess of standard AgN 0 3 * 

the cyanide is thus converted to the insoluble silver cyanide' 

K + CN + Ag + N 0 3 = AgCN + K + N 0 3 . 

nomalNH S rN# N ° 3 , iS determined b Y titration with deci- 
" 4< r NS .’ employing 3 c.c. of feme sulphate solution 

as the indicator in each titration, viz. : 

Ag + NO, + NH 4 + CNS = AgCNS + NO a + NH,. 
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The amount of standard AgN 0 3 equivalent to the alkali 
cyanide is then determined by difference ; e.g. : 

To Determine the Percentage of Cyanogen in Pure KCN. 
The solution of KCN used in the determination of the cyanogen 
in KCN by the standard silver nitrate method (see § 91) was 
again employed. 250 c.c. of this solution contained 1-097 
grams of pure KCN. 

25 c.c. of the solution were mixed with 50 c.c. of o-iN.AgN 0 3 
solution ; the insoluble silver cyanide was filtered off, washed, 
and the combined filtrate and washings titrated with 
o-iN.NH 4 CNS, using 3 c.c. of ferric sulphate solution as the 
indicator. As a mean of three determinations, 27-6 c.c. of 
o-iN.NH 4 CNS were required to effect the colour change with 
the ferric sulphate. 

Thus, (50 — 27-6), or 22-4 c.c., of the standard AgN 0 3 were 
precipitated as AgCN by the alkali cyanide in 25 c.c. of the 
solution. 

Thus, 250 c.c. of the KCN solution are equivalent to 224 c.c. 
of o-iN.AgN 0 3 . In this reaction, 1 molecule of AgN 0 3 is 
equivalent to one-half molecule of (CN) 2 (note the difference) 
from the equivalents employed in § 91) : 

AgNO a = CN. 

Therefore, 170 grams of AgN 0 3 are equivalent to 26 grams 
of CN ; i.e. 1 litre of o-iN.AgNO s is equivalent to 2-6 grams 

of CN. 

Therefore, 224 c.c. of o-iN.AgNO a are equivalent to , 

2-6 X 0-224, or 0-582 gram, of CN. 

Thus, the percentage of CN in KCN is 

x 100, or 53'i%* 

1-097 


SUGGESTED EXPERIMENTS ON CHAPTER VI 

1 Given decinormal silver nitrate solution determine the percentage 
of chlorine in potassium chloride. 

2 You are provided with decinormal silver nitrate solution, and 
are asked to determine the strength, in grams per c.c., of the bench 
solutions of (a) hydrochloric acid, ( b ) ammonium chloride, and 

(c) barium chloride. . . , . . . „ * 

^ \ You are provided with 5-00 grams of an intimate mixture of 

sodium chloride and sodium bromide. Determine, by means of 
decinormal silver nitrate solution, the percentage composition of the 

m ‘ 4 XtU Employing a decinormal solution of silver nitrate, determine the 
percentage purity of the laboratory potassium cyanide. 
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5. You are provided with pure crystalline specimens of potassium 
chlorate and silver nitrate, and are required to determine the percentage 
of chlorine in the chlorate. 

6. You are provided with decinormal silver nitrate solution and a 
solution of hydrochloric acid. Determine (a) the percentage of CaCO, 

m the sample of chalk, (b) the strength of the given solution of calcium 
chloride in grams per c.c. 

7. Given decinormal silver nitrate and moderately strong HC 1 , 
determine the percentage of carbon dioxide in ordinary washing soda! 

Given an accurately decinormal solution of sodium chloride, 

determine the percentage of silver in pure, recrystallized silver nitrate! 

9. Repeat experiment 8, using a decinormal solution of ammonium 

thiocyanate instead of the standard sodium chloride solution, and 

compare your results in the two experiments. 

10 Given decinormal solution of NH 4 CNS and AgNO,, determine 

(a) the percentage of sodium in sodium chloride, (b) the purity of crude 
sodium cyanide. 


hv L r r - J°“ are provided with solutions of sodium carbonate and 
. 7 d ™ ° nc , acld ; and a decinormal solution of silver nitrate. Find 
nitrate" ° £ molecules of water of crystallization in hydrated calcium 


are 1 8 J V !, n /L° lid silver nitrate and potassium oxalate, and 

oxtllte d ° find the percenta e e of Potassium in the potassium 
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OTHER VOLUMETRIC DETERMINATIONS 

There are several isolated volumetric determinations which 
do not admit of any general classification. They are based, 
not so much upon special methods, as upon particular reac- 
tions, and they must, therefore, be considered separately. 
Several such typical determinations are studied in this 
chapter. 

ioi. The Titanous Chloride Method for the Direct 
Estimation of Ferric Iron. We have seen that ferric iron 
may be estimated by means of potassium permanganate (§ 37), 
potassium dichromate (§ 53), and iodine (§ 81). All three 
methods are rather cumbrous — the first two involving pre- 
liminary reduction, and the iodometric method approaching 
completion only at a very slow rate. By means of titanous 
chloride, however, it is possible to estimate ferric iron quickly 
and accurately. The titanous chloride solution, which is 
purple in colour, reduces ferric salts with extreme ease, and 
is itself oxidized to titanic chloride, which is colourless. The 
* end-point ' of the reaction is, thus, readily detected. 

The reaction, in the case of ferric chloride, is represented by 

the equation : 

TiCl 3 + FeCl 3 = FeCl 2 + TiCl 4 . 

The Standardization of the Titanous Chloride Solution. 
Owing to the ease with which TiCl 3 can be oxidized by atmo- 
spheric oxygen to TiCl 4 , the standardization, and any subse- 
quent titrations, must be carried out in an atmosphere 01 

^A bottle A fitted with a tubulure (see Fig. 5) is connected 
to a gas-holder B filled with hydrogen, and a burette C as 
shown in Fig. 5. The air is forced out of the apparatus and 
replaced by hydrogen from the gas-holder B. 25 c.c. of ordin- 
ary commercial TiCl 3 solution, together with 50 c.c. of con- 
centrated HC 1 , is introduced into the bottle A ; a clear blue 
solution is obtained after a short time, and 1 litre of air-free 
distilled water is then added. The burette C is filled with 
the TiCJ 3 solution by releasing the clip D, the pressure of the 
hydrogen being kept constant by regulating the flow of water 
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into the gas-holder B (this precaution must also be taken in 
all subsequent titrations with the TiCl 3 solution). The 
solution is then standardized in the following manner : 

About 5 grams of ferrous ammonium sulphate are weighed 
accurately, dissolved in air-free distilled water, acidified with 
a little dilute H 2 S 0 4 , and the solution is diluted to 250 c.c. 
with more air-free distilled water. 25 c.c. of this solution 
are transferred to a small flask, and dilute KMn 0 4 solution 
is run in from a burette until a permanent pink colour is 
obtained ; the ferrous iron is, thus, oxidized to the ferric 
state. This ferric iron solution is then titrated with the TiCl 3 
solution, and the experiment repeated until three concordant 
results are obtained. The iron equivalent of the TiCl 3 
solution is then calculated, and the solution labelled 1 c.c. = 
x grams of iron. 
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For example, suppose that 4*9 07 grams of ferrous ammonium 
sulphate were dissolved in air-free distilled water and diluted, 
after acidifying, to 250 c.c. Then the 250 c.c. of solution 

4.Q07 

contain — ~ , or 0-701 gram of iron (see § 35). 

. After oxidation with dilute KMn 0 4 solution, 25 c.c. of the 
iron solution required the addition of 14-0 c.c. of the TiCl 3 
solution to reduce the ferric iron to the ferrous state. 

Therefore, 250 c.c. of the iron solution are equivalent to 
140 c.c. of the TiCl a solution. 
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Thus, 140 c.c. of the TiCl 3 solution are equivalent to 0-701 
gram of Fe. 

Therefore, 1 c.c. of the TiCl 3 solution is equivalent to ° 
or 0-005 gram, of Fe. 

The TiCl 3 solution is thus standardized in terms of Fe and 
is ready for use. If the TiCl 3 solution is stored for any length 
of time, it must be restandardized as described above before 
making a determination, e.g. : 

To Determine the Percentage of Iron in Iron Alum by Means 
of Standard TiCl z Solution. About 10 grams of pure, crystal- 
line iron alum are weighed accurately, dissolved in air-free 
distilled water, and diluted to 250 c.c. Portions of 25 c.c 
of the alum solution are then titrated with the standard 
solution of TiCl 3 as described above. The determination 
is repeated until three concordant results are obtained, and 
the amount of iron is determined from the mean titration 
value. 

For example, in an experiment, 10-33 grams of iron alum 
were dissolved in air-free distilled water, and diluted to 250 c.c. 
25 c.c. of this solution required, as a mean of three titrations, 
23-0 c.c. of a standard solution of TiCl 3 (1 c.c. = 0-005 gram 
of Fe) to reduce the iron from the ferric to the ferrous condition. . 

Therefore, 250 c.c. of the alum solution are equivalent to 
230 c.c. of the TiCl 3 solution ; i.e. to 230 X 0-005, or 1-15 
gram of Fe. 

Thus, the percentage of iron in iron alum is 

X 100, or 11-13%- 

10-33 

102. The Cyanide Method for the Estimation of 
Copper. This rapid, but approximate, method of estimating 
copper is based upon the fact that a solution of potassium 
cyanide, added to an alkaline solution of a copper-ammonium 
salt, produced a colourless double cyanide of copper and 
potassium, Cu 2 (CN) 2 .6KCN. A solution containing copper 
may be estimated, therefore, by converting the copper into 
the alkaline copper-ammonium salt, and titrating directly 
with a standard solution of KCN, the ' end-point ’ being 
indicated by the disappearance of the blue colour of the 

copper-ammonium salt. 

The method which gives the best results is to prepare the 
copper-ammonium salt by the addition of ammonimn car- 
bonate solution to the solution of the copper salt, since the 
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presence of free ammonia in the solution complicates the 
reaction. 

The Standardization of the KCN Solution, (a) The KCN 
solution is standardized with respect to a solution of pure, 
electrolytic copper. The strength of the KCN solution is, 
thus, expressed directly as a copper equivalent. Moreover, 
in carrying out a titration, the same conditions as prevailed 
during the standardization must be observed. For example, 
the ammonium carbonate solution used in each determination 
with a given standard solution of KCN should be of the same 
strength as that used in the standardization ; and corre- 
sponding amounts of the carbonate solution must be added 
to each aliquot portion of the unknown copper solution. 

(6) Preparation of the Standard Copper Solution. About 
5 grams of the purest electrolytically refined copper are 
weighed accurately, and dissolved in about 100 c.c. of pure 
nitric acid mixed with its own volume of water, the solution 
being aided by warming on the water bath. When the 
copper has been completely dissolved, a little bromine water 
is added to oxidize the small amount of nitrous acid formed in 
the reaction ; the solution is then boiled to expel all the excess 
bromine, and the boiling is continued (care being taken to 
avoid loss by spitting) until most of the free nitric acid has 
also been removed. The solution is then allowed to cool 
and diluted to 1 litre with distilled water. 

(c) Preparation of the KCN Solution. About 25 grams of 

pure KCN are dissolved in water and diluted to 1 litre. 25 c.c. 

of the standard copper solution are transferred to a small 

flask, and made alkaline by the addition, from a burette, of a 

slight excess of ammonium carbonate solution ; a deep blue 

coloration, due to the formation of the copper-ammonium 

salt, is observed, and the volume of the ammonium carbonate 

solution required is noted. The KCN solution is then run in 

rom a burette until the blue colour of the solution is just 

discharged (great care is necessary here), and the titration is 

repeated (using the same volume of ammonium carbonate in 

each case) until three concordant results are obtained. The 

copper value of the cyanide is then determined from the 
mean titration value. 

For example, suppose that the strength of the copper 
solution is 5-160 grams of copper per litre, and that 25 c.c. 
o this solution, after treatment with ammonium carbonate, 
required, as a mean of three titrations, 21-5 c.c. of the KCN 
solution to discharge the blue colour of the copper-ammonium 
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salt ; i.e. 860 c.c. of the KCN solution are equivalent to 1 litre 
of the copper solution (i.e. to 5*160 grams of Cu). 

Therefore, 1 c.c. of the KCN solution is equivalent to 


5*160 
860 ' 


or 0-006 gram , of Cu. 


The KCN solution is then ready for use. 

The Determination of Copper in a Copper Alloy. An 
accurately known weight of the alloy is dissolved in strong 
nitric acid, the solution of the alloy being aided by gentle 
heat on the water bath. When the solution has been com- 
pleted, a little bromine water is added to oxidize any free 
nitrous acid formed in the reaction ; the solution is then 
boiled to expel all the bromine, and the boiling is continued 
until most of the free acid has, also, been expelled. The 
solution is cooled and diluted ; and residue is filtered off, 
washed well with distilled water, and the combined filtrate 
and washings made up to a convenient volume. Aliquot 
portions of the copper solution are made alkaline with 
ammonium carbonate solution, which is run in from a burette, 
the volume required being noted (the carbonate solution 
must be of the same strength as that employed in standardiz- 
ing the KCN solution, and the same volume of the carbonate 
solution must be added to each portion of the copper solution). 
Each aliquot portion is then titrated with the standard KCN 
solution, the ' end-point ’ of the titration being denoted by 
the disappearance of the blue colour of the copper-ammonium 

salt in the titrated solution. . , . 

The following results were obtained in the determination 
of a copper alloy by means of a standard solution of KCN 
(1 c.c. = 0*005 gram of Cu) : 

Weight of alloy taken = 3*594 grams. 

Final volume of the solution of the alloy = 250 c.c. 

Volume of standard KCN required to decolorize 25 c.c. 
of the alloy solution = 20*2 c.c. 

Therefore, 250 c.c. of the alloy solution would need the 
addition of 202 c.c. of the standard KCN solution. 

Therefore, the amount of copper in 250 c.c. of the alloy 


solution is 202 X 0*005, or i*oi grams. 

Thus, the percentage of copper in the alloy is 


I*OI 

3~594 


x 100, 0x28-1%. 


103. Standard Sodium Sulphide Solution. Standard 
sodium sulphide solution is used in the estimation of metals 
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which form insoluble sulphides in alkaline solution. The two 
commonest determinations in which it is employed are those 
of Zinc and Cadmium, the sulphides of both these metals 
being easily precipitated in alkaline solution, viz. : 

ZnS 0 4 + Na 2 S = ZnS j + Na 2 S 0 4 , 

CdS 0 4 + Na 2 S = CdS| + Na 2 S 0 4 . 

The method is of great value in the estimation of zinc in 
various alloys. The zinc alloy is dissolved in acid and the 
solution diluted to a convenient volume. Aliquot portions 
of the solution are then made alkaline with ammonium 
hydroxide solution, and titrated with a standard solution of 
sodium sulphide. The ‘ end-point ’ of the determination is 
indicated by means of a solution of sodium nitroprusside used 
as an external indicator ; the indicator gives a violet colora- 
tion with alkaline sulphides though it is unaffected by free 
hydrogen sulphide in solution. 

If, however, other metals such as copper, cadmium, etc., 
are present in the alloy, they must be separated from the 
solution of the alloy by precipitating them as sulphides 
before the actual estimation is begun. 

Preparation of the Sodium Sulphide Solution. About 
12 grams of pure stick NaOH are weighed roughly and 
dissolved in water and diluted to xoo c.c. 50 c.c. of this 
solution are then saturated with hydrogen sulphide, and 
sodium hydrogen sulphide is formed, viz. : 

NaOH + H 2 S = NaHS + H 2 0. 

The remaining 50 c.c. of the NaOH solution are then added 
and sodium sulphide is formed according to the equation • 

NaHS + NaOH = Na 2 S + H 2 0 . 

If the solution still smells of free H 2 S a little more NaOH 
solution is added until there is no further odour of the gas • 
the solution is then diluted to 1 litre with distilled water. ' 

Standardization of the Sodium Sulphide Solution The 
sodium sulphide solution is then standardized by means of 
a solution of pure zmc. About 1 gram of pure zinc is weighed 
accurately and dissolved in hot, dilute sulphuric acid (a large 
““if*?., 0 * a , cld must be avoided) ; the solution is then cooled, 

, 5 ° 250 cx - with distilled water. Aliquot portions 

of this solution are then titrated with the sodium sulphide 

- sever .al drops of sodium nitroprusside solution are 
placed on a white tile, and, at frequent intervals, a drop of 
the reacting solutions is added to a drop of the indicator by 
means of a glass rod, the ' end-point ’ of the titration being 
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indicated by a distinct violet coloration. Three concordant 
results are obtained, and the strength of the sodium sulphide 
solution expressed in terms of zinc. 

For example, suppose that 1-125 grams of pure zinc were 
dissolved in hot, dilute, sulphuric acid and diluted to 250 c.c., 
and that, as a mean of three titrations, 25 c.c. of this solution 
required the addition of 22-5 c.c. of the sodium sulphide solution 
to give the violet coloration with sodium nitro-prusside. 

Then, 250 c.c. of the zinc solution would need 225 c.c. of 
the sodium sulphide solution. 

Therefore, 225 c.c. of the sodium sulphide solution are 
equivalent to 1-125 grams of zinc ; i.e. 1 c.c. of the sodium 
sulphide solution is equivalent to 0-005 gram of zinc. 

104. To Determine the Percentage of Zinc in a 
Specimen of Zinc Blende by Means of Standard Sodium 
Sulphide Solution. An accurately known weight of the 
zinc blende is dissolved in aqua regia, and diluted. The 
solution is then tested qualitatively for traces of copper, 
cadmium, and lead, and, if these are present, they are pre- 
cipitated as sulphides by means of H 2 S ; the solution is then 
freed from free H 2 S by boiling, and it is then cooled and diluted 
to a convenient volume.* Aliquot portions of this solution 
are then titrated with freshly-standardized sodium sulphide 
solution, using sodium nitroprusside as an external indicator 
(as described in § 103). The amount of zinc in the solution 
is then calculated from the mean titration value. 

For example, 1*703 grams of zinc blende were dissolved in 
aqua regia freed from copper and cadmium by precipitation 
as sulphides, and diluted to 500 c.c. As a mean of three 
titrations, it was found that 50 c.c. of this solution required 
the addition of 21-8 c.c. of standard sodium sulphide solution 
(r c.c. = 0-005 gram of Zn) to produce the violet coloration 

with sodium nitroprusside. 

Therefore, 500 c.c. of the solution would require 218 c.c. 
of the Na 2 S solution ; i.e. 500 c.c. of the zinc blende solution 
are equivalent to 218 X 0-005, or 1-09 grams, of zinc. 

Therefore, the percentage of zinc in the sample of zinc 

blende is j. 0Q 

— X 100, or 64-0%. 

1 7°3 

105. The Estimation of Cadmium Salts by Means of 
Standard Sodium Sulphide. An accurately known weight 

♦ The solution must first be made alkaline with ammonium hydroxide. 
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of the cadmium salt is dissolved in water and diluted to a 
convenient volume (if the cadmium salt is insoluble in water 
it is dissolved in strong nitric acid, the solution is made 
alkaline by the addition of ammonium hydroxide, and diluted 
to a suitable volume). Aliquot portions of the solution are 
then titrated with a standard solution of sodium sulphide, 
using a solution of sodium nitroprusside as the indicator as 
described in § 103. 

The sodium sulphide solution is still standardized with 
respect to pure zinc, and the strength is then expressed in 
terms of cadmium. 

For example, in an experiment to estimate the percentage 
of cadmium in a soluble cadmium salt, a standard solution 
of sodium sulphide (1 c.c. = 0-005 gram of Zn) was employed. 

4-219 grams of a soluble cadmium salt were dissolved in 
water and diluted to 250 c.c. As a mean of three titrations, 
it was found that 25 c.c. of this solution required the addition 
of 21-5 c.c. of the standard Na 2 S solution to produce the colour 
change with sodium nitroprusside. Thus, 250 c.c. of the 
cadmium solution are equivalent to 218 c.c. of the Na 2 S 
solution, i.e. to 215 x 0-005, or 1*075 grams, of zinc. 

Now, Zn = Cd. 

Therefore, 65-37 grams of Zn are equivalent to 112-4 grams 

OI vQ. 


Therefore, 1-075 grams of Zn are equivalent to ^- 4 x 1-075, 

or 1-848 grams, of Cd. 5 37 

Thus, the percentage of cadmium in the cadmium salt is 

1-848 

— X 100, or 43-8%. 

106. The Potassium Ferrocyanide Method for the 
Estimation of Zinc. The method is based upon the fact 
that when potassium ferrocyanide is allowed to react with 
a solution of a zinc salt, at a temperature of about qo° C. a 
double cyanide of potassium and zinc is formed. The ‘ end- 

of . t i 1 . e reaction is determined by means of uranyl 
acetate solution as an external indicator (see below). The 
reaction may be represented by the equation : 

2 K 4 Fe(CN) 6 + 3ZnCl 2 = 3[>KCN.Zn (CNy+zFeCl., + 2KCI 

Standardization of the Potassium Ferrocyanide Solution 

,°? Potassium ferrocyanide are weighed 
roughly, dissolved m water, and diluted to 1 litre. A standard 
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zinc solution is then prepared in exactly the same way as 
described in § 103 for the standardization of sodium sulphide 
solution. Aliquot portions of the zinc solution are then 
warmed to about 95 0 C., and titrated with the ferrocyanide 
solution, using a solution of uranyl acetate as an external 
indicator ; several drops of the indicator solution are placed 
on a white tile, and, at frequent intervals during the titration, 
a drop of the reacting solutions is withdrawn on the end of a 
glass rod and added to a drop of the indicator ; the ' end- 
point ’ of the titration is indicated by the first production of 
the brown colour of uranyl ferrocyanide. 

As the reaction is rather slow, the titration must be carried 
out slowly in order to allow sufficient time for the formation 
of the double cyanide to be completed. The strength of the 
ferrocyanide solution is then expressed in terms of metallic 
zinc. 

For example, about 35 grams of pure potassium ferro- 
cyanide were dissolved in water and diluted to 1 litre. 1*025 
grams of pure zinc-foil were dissolved in dilute, hot sulphuric 
acid, cooled, and diluted to 250 c.c., and it was found, as a 
mean of three titrations, that 25 c.c. of the zinc solution were 
equivalent to 20*5 c.c of the ferrocyanide solution, using 

uranyl acetate as the indicator. 

Then, 250 c.c. of the zinc solution are equivalent to 205 c.c. 


of K 4 Fe(CN) 6 . . . AX 

Thus, 205 c.c. of K 4 Fe(CN) 6 are equivalent to 1*025 grams 

1 * 02*1 

of zinc; i.e. i c.c. of the ferrocyanide solutions-—. 


or 0-005 grams, of Zn. . 

To Determine the Amount of Zinc m a specimen 0] Zinc 
Blende. A known weight of the zinc blende is dissolved and 
made up to suitable strength exactly as described in § 104. 
Aliquot portions of the solution are then titrated with the 
standard solution of potassium ferrocyanide, using uranyl 
acetate as an external indicator, in the manner described 
above. The amount of zinc is then estimated from the mean 

titration value. 

As a check on the determination earned out m § 104, 50 c.c. 
of the final zinc solution (equivalent to 1*703 grams of zinc 
blende per 500 c.c.) were titrated with standard potassium 
ferrocyanide solution (1 c.c. = 0*005 gram of Zn), and it was 
found that a mean volume of 21*8 c.c. of the ferrocyanide 
solution was needed to effect the colour change with uranyl 

acetate. 
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Therefore, 5°° c.c. of the solution are equivalent to 
218 x 0-005, or 1-09 grams, of zinc. 

Thus, the percentage of zinc in the sample of zinc blende is 

Dog 

X 100, or 64-0%. 

Thus, the estimation of the zinc blende gives identical 
results with each method. 

107. The Sodium Sulphite Method for the Deter- 
mination of Aldehydes. It is a characteristic property 
of aldehydes that they combine with sodium bisulphite to 
lorm additive crystalline compounds, viz. : 

CH3CHO + NaHS 0 3 = CH 3 Hc/° Na 

jr v . A , , . X S 0 2 0 H 

If, however, instead of sodium bisulphite, the normal 

sodium sidphite is used, the same additive aldehyde-bisulphite 

compound is formed and an equivalent amount of NaOH is 
liberated, viz. : 

ONa 

H 2 0 + CH3CHO + Na 2 S 0 3 = CHjHcX + NaOH 

r. • » j , - Nso 2 oh 

thp fw ev f ent ’ th f ef0re ’ that> if the solu tion is neutral in 

Sd y In th T ,°2 f the liberated NaOH with standard 
acid. In the actual determination, if the solution of aldehyde 

is ^ly strong, it must be diluted to a suitable strength 5 

The Preparation of the Sodium Sulphite Solution About 

5 grains of pure, hydrated sodium sulphite Na«SO 7H O 

are dissolved in 100 c.c. of distilled water fa 

| f hen made ex actly neutral to phenolphthalein by the addition 
d necessary, of very dilute NaOH solution from a burette' 
the solution is then ready for use ; e.g, : 

2 /° Determine the Strength of an Acetaldehyde Solution 

flLk and ^r ^ ehyde f° lutlon are transferred to a smali 
nask and immersed m a freezmg mixture 2* c c of thp 

aboSt^ P c r r Pa a ? d r° diUm j ul P hite are th en added' slowly, 

for about * time / anc U L he mixtur e is allowed to stand 
j . * fifteen minutes. The solution is then titrated with 

,t ph r;- litous solution as 

SS as, Jtts 

Th«. jara 1 ; h raS„ d , 
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is determined from the mean titration value, employing 
the equivalents : 

H 2 S 0 4 EE 2NaOH = 2CH3CHO. 

Thus, 49-0 grams of H 2 S0 4 are equivalent to 44-0 grams of 
CH 3 CHO ; i.e. 1 litre of o*iN.H 2 S 0 4 is equivalent to 4-40 
grams of CH 3 CH0. 

For example, in the estimation of a solution of acetaldehyde 
25 c.c. of the solution were diluted to 250 c.c. after treatment 
with excess of neutral sodium sulphite solution. It was 
found that, as a mean of three titrations, 25 c.c. of the diluted 
solution required the addition of 23*5 c.c. of o*iN.H 2 S 0 4 to 

neutralize the liberated NaOH at o° C. 

Therefore, 25 c.c. of the original solution (250 c.c. of diluted 

solution) would require 235 c.c. of o*iN.H 2 S 0 4 . 

Then, since 1 litre of o*iN.H 2 S 0 4 is equivalent to 4-40 
grams of CH 3 CHO, 235 c.c. of o*iN.H 2 S 0 4 are equivalent 
to 4*4 X 0*235, or 1*034 grams, of CH 3 CHO. 

Thus, 1 litre of the aldehyde solution contains 40 X 1*034, 
or 41-36 grams, of CH z CHO. 

108. The Use of a Standard Solution of Potassium 
Bromide and Bromate. The potassium bromide and the 
potassium bromate must be in the molecular proportions 
5KBr * KBr 0 3 . The standard solution is best prepared by 
adding bromine carefully to a saturated solution of caustic 
potash until no more bromine is absorbed. If crystals of 
the bromate or the bromide are formed during this operation 
the solution must be diluted in order to dissolve them, and a 
little more bromine is added. Bromine water is then added 

until the solution is only just alkaline. 

The bromide-bromate solution is then ready for use in 

estimating aniline in aqueous solution. , , 

Before use the bromide-bromate solution is standardized 

bv means of a known quantity of aniline in the form of aniline 

hvdrochloride. The most convenient strength solution to 

employ is one, 1 c.c. of which is equivalent to 0*025 gram 

f j lin e 

° The Standardization of the Bromide-bromate Solution. 

1 gram of aniline is weighed accurately and dissolved in 
40 c c of water to which 10 c.c. of concentrated HC 1 have 
been' added. This solution of aniline hydrochloride is then 
titrated with the bromide-bromate solution ; the solution 
is run in a drop at a time, and the mixture is well shaken 
after each addition. A white precipitate of tnbromamline 
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is formed and, at the start, the supernatant liquid is clear 
and colourless. The titration is continued until this super- 
natant liquid is tinged a faint yellow with the excess bromine 
the reactions occurring in the reaction are as follows : 

1 u 6 ^ ee solution liberates hydrobromic and 

bromic acids from the bromide-bromate mixture : 
5KBr + KBr 0 3 + 6 HC 1 = sHBr + HBr 0 3 + 6 KC 1 

(11) These acids then interact with the formation of free 
bromine : 


..... __ , 5HBr + HBr 0 3 = 3 Br 2 + 3 H 2 0 . 

(m) 1 he free bromine then attacks the aniline forming the 
insoluble aniline-bromine derivative 

, c e H 5 N H 2 + 3Br 2 = C e H 2 Br 3 NH 2 + 3 HBr. 

... end-point ’ of the titration is thus indicated when the 
aniline has ah been converted to the bromine derivative and 
the supernatant liquid then becomes yellow, owing to the 
presence of free bromine in the solution. 8 

Three concordant results are obtained and the bromide- 
bromate solution is standardized with reference to aniline 

feamVedTh!’ the S ° lution of 1 S^m of aniline 

reqmred the Edition of 40 c.c. of the bromide-bromate 

hquid OT the°n PrO Ce ® ^ yeU ° W Colour “ the supernatant 

cc ’ of the bromide-bromate solution is equivalent to 
— , or 0-025 gram, of aniline. 

wiu,° r t n ^ CC ^ U u t ° f a determination of a solution of aniline 
with standard bromide-bromate solution see § i 34 • the 

determination of the solubility of aniline in aqueous Solution 

The Determination of Phosphates by Means 
° F J TANDARD , Ur ^ nium Solution. The standard uranium 
““ ‘ on employed may be prepared from either uranvl 
acetate or uranyl nitrate, though where the latter salt Is 

tR^f a ht v e s °d‘'i m acetate must also be present to prevent 
the formation of free nitric acid prevent 

Uranium forms = a series of salts containing the divalent 
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With uranyl nitrate, 

(U 0 2 )(N 0 3 ) 2 + Na 2 HP 0 4 = 2NaN0 3 + (U 0 2 )HP 0 4 . 

Free HN 0 3 is formed in this reaction unless a little sodium 
acetate be present. 

With uranyl acetate — 

(U 0 2 )(CH 3 C 00 ) 2 + Na 2 HP 0 4 = 2CH 3 COONa + (U 0 2 )HP 0 4 

A solution of an orthophosphate may be estimated, there- 
fore by titration with a standard solution of either uranyl 
acetate or uranyl nitrate. The ‘ end-point ' of the titration 
is indicated by means of dilute potassium ferrocyanide 
solution, used as an external indicator in the usual way, 
which gives a brown coloration of uranyl ferrocyanide when 
the slightest trace of excess uranyl solution is present in the 
reacting solutions. 

The Standardization of the Uranium Solution, (a) Uranyl 
Acetate. About 32 grams of pure uranium acetate, (U 0 2 ) 
(CH 2 C00) 2 .2H 2 0, are dissolved in water, 50 c.c. of glacial 
acetic acid are added, and the solution is diluted to 1 litre. 

(b) Uranyl Nitrate.— About 37 grams of pure uranyl 
nitrate are dissolved in water, 50 c.c. of glacial acetic acid 
are added, and the solution diluted to 1 litre. 

The uranyl solution (prepared in one of the above ways) 
is then standardized, in terms of P 2 0 6 , by means of pure 
hydrogen-sodium-ammonium phosphate (microcosmic salt), 
NaNH 4 HP0 4 .4H 2 0, at a temperature of about 90° C. 

About 3-5 grams of the pure, crystalline microcosmic salt 

are dissolved in water and diluted to 250 c.c. 25 c.c. ol tins 
solution are transferred to a small flask and titrated, a a 
temperature not below 90° C., with uranyl acetate solution 
prepared as above (if uranyl nitrate solution is employed, 
5 c.c. of a 10% solution of sodium acetate, and a few drops 
of glacial acetic acid, must be added to each 25 c.c. ot the 

phosphate solution, to prevent the formation of free mtn 

acid) . The ‘ end-point ' of the titration is indicated by the 
formation of a brown coloration, with a dilute solution . o 
potassium ferrocyanide used as an external indicator Alter 
this preliminary titration, three concordant results are 
obtained, and the strength of the uranyl solution is expressed 

in terms of P 2 O s . , _ , . , 

For example, suppose that the phosphate solution con 

tained 3-680 grams of crystalline microcosmic salt in 250 c.c. 
Then, 2NaNH 4 HP0 4 . 4 H 2 0 = P 2 0 6 . 
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Therefore, 418 grams of NaNH 4 HP0 4 .4H 2 0 are equivalent 
to 142 grams of P 2 0 6 . 

Then, 3*680 grams of the salt are equivalent to x 3*680, 
or 1*250 grams, of P 2 0 5 . 

Thus, 1 litre of the phosphate solution is equivalent to 
4 X 1*25, or 5*00 grams , of P 2 0 5 . 

Suppose, further, that 25 c.c. of this phosphate solution 
required the addition of 24*5 c.c. of the uranyl acetate solution 
to effect the colour change with potassium ferrocyanide. 

Thus, if each 24*5 c.c. of the uranyl solution be diluted to 
25 c.c., it will be equivalent to the phosphate solution. 

Consequently, 40 x 24*5, or 980 c.c., of the solution must 
be diluted to 1 litre so that 1 c.c. of the uranyl solution shall 
be equivalent to 0*005 gram of P 2 0 5 . 

N * B —The uranyl solution may also be standardized by 
employing a solution of pure, calcium phosphate, Ca 3 (P 0 4 ) 2 , 
m dilute HC 1 ; but, since the purest form of commercial 
calcium phosphate contains certain impurities, this method 
is not accurate unless the percentage purity of the calcium 
phosphate is first determined by gravimetric methods. In 
consequence, it is much more convenient to standardize the 
uranyl solution by means of microcosmic salt, which can be 
easily obtained in a state of purity. 

* 10 * The Determination of P 2 0 6 in Bone Ash by 
Means of Standard Uranium Solution. About 1 or 2 
grams of bone ash (which has been dried in the steam oven) 
are weighed accurately and dissolved in the least possible 
quantity of concentrated HC 1 ; the solution is then diluted 
o 200 c.c. 50 c.c. of this solution are transferred to a small 
flask about 5 c.c. of a 10% solution of sodium acetate and a 

“ ps ° f S laaal acetic acid are added, and the solution is 
heated until it begins to boil. It is then titrated, at a tem- 
perature not below 90° C., with the standard solution of 
uranium (prepared as described in § 100), usine ootassium 

JeSTr' de . al “ ex ^ en ! al indicator. Three concordant 

01 p -°‘ is 

ash werp - a determina tion, 1-50 grams of dry bone 

ash were dissolved in concentrated HC 1 , and the solution was 

that <fo c r °° ffC £* 3 a me , an of three titrations, it was found 

uranium solu ti on (I c.c. = 0-005 gram of P 2 0 6 ) to 
effect the colour change with potassium ferrocyanide. 
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Thus 200 c.c. of the solution would require 4 X 25-5, or 
102 c.c., of the standard uranium solution ; i.e. 200 c.c. of 
the solution are equivalent to 102 X 0*005, or 0*51 gram, 
of P 2 O s . 

Therefore, 1*50 grams of bone ash contain 0*51 gram of P 2 0 6 . 
Thus, the percentage of P 2 0 3 in the sample of bone ash is 

— 5 - X 100, or 34%, P 2 0 s . 

1*50 

in. The Standard Soap Solution Method for Deter- 
mining the Hardness of Water. Although Hehner’s 
method of estimating the hardness of water gives excellent 
results (see § 31), the standard soap solution method is widely 
employed. For this purpose pure Castile soap which con- 
sists of the alkali salt of oleic acid, is employed, and the 
method is based upon the fact that the soap precipitates the 
calcium and magnesium salts, present in the water, as 

insoluble oleates ; e.g. : 

2 C 17 H 33 COONa + CaS0 4 = (C 17 H 33 COO) 2 Ca + Na 2 S0 4 . 
sodium oleate calcium oleate 

The soap solution is made to such a strength that 1 cx. 
of the solution will precipitate exactly 1 milligram of CaUJ 3 
as oleate ; then, by titrating 70 c.c. of water, the hardness can 

be found directly in grains per gallon (parts per 7 °»? 00 J- 
About 2 grams of pure Castile soap are dissolved in • • 

of dilute alcohol (i volume of alcohol to 2 volu ™® s of ' v T 
The solution is thoroughly shaken until all the soap has 

dissolved, and the soap solution is then standardized. 

Standardization of the Soap Solution. o *5 . 

Iceland Spar is weighed accurately and dissolved in dilute 
HC 1 in a beaker covered with a clock-glass ; the ^solu i n 
evaporated to dryness on the water bath, and the rescue* 
dissolved in distilled water and again evaporated to dryness 
to remove all traces of HC 1 . The residual CaCl 2 y 

dissolved in distilled water and diluted to as many cub^ 
centimetres as milligrams of CaC 0 3 were taken (in t 
500). Thus, 1 c.c. of the solution is equivalent to 1 mi 

gF 2? c.c. C of C this solution are transferred to a smalUlask and 
diluted to 70 c.c. (the volume of water used in a determination; 

wih distmed water. The solution is then " 

soap solution ; 1 c.c. of the soap solution is added at a urn , 
and the mixture is well shaken after each addition untd 
temporary lather is obtained; the soap solution is tti 
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added i drop at a time, well shaken after each addition, until 

a lather is obtained which will persist for at least two minutes 

Three concordant results are obtained. We then calculate 

the volume of water which must be added to the soap solution 

so that 21 c.c. will produce a permanent lather with 20 c.c. of 

the original CaCl 2 solution (the extra 1 c.c. is the amount of 

soap solution required to produce a permanent lather with 
the 70 c.c. of distilled water). 

For example, suppose that, as a mean of three determina- 
tions, 20 c.c. of the CaCl 2 solution (i.e. 20 milligrams of CaCO ) 

lather 6 l8 ’° CC ' ° f ^ S ° aP SoIution to P rod uce a permanent 


Then, (21 18), or 3 c.c., of distilled water must be added 

e e c C a h C, 18 C , C ; ° f th TK° ap , Sol , ution to make it equivalent to 

k thifinA ThC calculated amount of distilled water 

is then added to a convenient volume of the soap solution 

equfvdeVt o? Mg * 1 «• = »'«“ S™» of CaCO,, or its’ 


TO DETERMINE THE HARDNESS OF TAP-WATER 

prStabn I OTAI l HARDN ? SS is first determined by 
precipitating all the calcium and magnesium salts with the 

standard soap solution. Then, by boiling the solution tn 

the 6 ™ 1 h* thC temporary hardness as carbonate, and titrating 
the resulting solution with the soap solution the permanent 

ssayr ssr ■ Th = 

solut ion as described above ; three concordant results are 

of li-th? tS K 

70,000). P IfeCtly m grains P er gahoo (parts per 

2 t° D , ei Z mi ? e ihe Perma nent Hardness of the Tab-water 

completely precipitated viz.T temp ° rary hardness thus. 

The i , ( r a(H ?° 3)2 = Ca T03 1 + co 2 + h 2 o. 

votaettdMedwa^Port? dPu f ted to the «feinal 

and h the e ni^ n b d er rd f S ° aP S ? lution exa "tly the sMe^astefore 
and the number of c.c. of soap solution required to produce 
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the lather gives the permanent hardness of the tap-water 
directly in grains per gallon. 

(c) To Determine the Temporary Hardness of the Tap-water. 
The difference between the total hardness and the permanent 
hardness will represent the temporary hardness. 

For example, in a determination of the hardness of a 
specimen of tap-water it was found that 70 cx. required a 
mean volume of 23-5 cx. of soap solution (1 c.c. = o-ooi gram 
of CaC 0 3 ) to produce a permanent lather ; i.e. : 

The Total Hardness is 23-5 grains of CaC 0 3 (or its 

equivalent of MgC 0 3 ) per gallon. , 

After precipitating the temporary hardness as described 

above, it was found that 70 c.c. of the water required a mean 
volume of 8-i c.c. of the soap solution to produce a permanent 

lather , i.e. . . . * ~ nc\ //-,»* i+c 

The Permanent Hardness is 8-i grains of CaUJ 3 (or its 

equivalent of MgC 0 3 ) per gallon , 

Therefore, the Temporary Hardness is (23-5 - &i), or 
15-4 grains, of CaC 0 3 (or its equivalent of MgC 0 3 ) per gallon. 


SUGGESTED EXPERIMENTS ON CHAPTER VII 

r You are provided with commercial titanous chloride solution, 
solid ferrous ammonium sulphate, and a solution of pot^sium perman- 
ganate Prepare a standard solution of titanous chloride, and store it 

iD r Bv “mean? oi Standard titanous chloride prepared above, 
determine the percentage of iron in the given specimen of anhyrdous 

ferric chloride. ided with pur e, electrolytically-refmed copper and 
solid potassium cyanide. Prepare a standard solutaon of KCN. i c.c. 

°°° 5 g Bvm°e £ ans n of the standard solution of sodium sulphide prepared 

•4-Kf '£r y ”a5.:"r‘iga 

23S5SasafsgS-- gas sssss 

your itsult with that obtained m E*P e nment 6 sulphite. 

Na 9 SO X ° 7 H 1 aan&et of the given solution 

of acetaldehyde in grams per c.c. 
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10. You are provided with pure uranyl nitrate, U0 2 (N0 3 ) 2 .2H 2 0, 
and pure crystalline sodium ammonium hydrogen phosphate, 
NaNH 4 HP0^4H 2 0 ; sodium acetate and glacial acetic acid are also 
provided. You are asked to prepare a standard solution of uranyl 
nitrate, 1 c.c. of which should be equivalent to 0-005 gram of P 2 0 5 . 

11. By means of the standard uranyl nitrate solution prepared 
above, find the percentage purity of the laboratory phosphorous 
pentoxide. 

12. You are provided with pure sodium oleate, alcohol, Iceland spar, 
and strong HC 1 . Prepare a standard sodium oleate solution so that 
1 c.c. of the solution will be equivalent to 1 milligram of CaCO a . 

13. By means of the standard sodium oleate solution prepared 
above, determine (a) the permanent hardness, (6) the temporary 
hardness of tap-water. 

14. You are provided with aniline hydrochloride, and a mixture 
of potassium bromide and bromate in the molecular proportions 
5^Br : KBrO a . You are required to determine the number of atoms 
of bromine in the aniline derivative formed by adding a solution of the 
bromide-bromate mixture to a solution of the aniline hydrochloride. 




CHAPTER VIII 


DETERMINATIONS INVOLVING MORE THAN ONE 
METHOD OF VOLUMETRIC ANALYSIS 

112. We have seen that mixtures containing two con- 
stituents of the same chemical type can be estimated volu- 
metrically by basing the calculation on the difference in 
chemical equivalents (see §§ 24, 25, 26, and 90). 

In many cases of mixtures of two, or more, substances of 
different chemical types, it is possible to determine the 
mixture by the application of more than one method of 
volumetric analysis. For example, a mixture of a halide 
and an alkali (or acid) could be determined by estimating 
the alkali (or acid) with standard acid (or alkali), and then 
estimating the halide, in neutral solution, with standard silver 
nitrate solution. Other examples of this type of volumetric 
determination are given below. 

1 13. To Estimate a Mixture of Sulphuric and 
Oxalic Acids. The method of determination is as follows : 

(a) Titrate aliquot portions of the mixture (diluted if 
necessary), at a temperature of 6o° C, with standard potassium 
permanganate (see § 35 (6)), and calculate the amount of 
oxalic acid from the mean titration value. 

( b ) Further aliquot portions of the solution are then titrated 
with standard NaOH. The mean titration value thus 
obtained represents the total acidity of the solution. The 
amount of sulphuric acid is then obtained by difference. 

For example, 25 c.c. of a solution containing a mixture of 
sulphuric and oxalic acids required a mean titration of 18-3 c.c. 
of o-iN.KMn 0 4 to oxidize all the oxalic acid, and a mean 
value of 48-3 c.c. of o-iN.NaOH to neutralize the totaf 
acid : i.e. 25 c.c. of the solution contain the equivalent of 
(48-3 — 18-3), or 30-0 c.c., of o-iN.H 2 S 0 4 . 

Thus, 1 litre of the mixture is equivalent to 40 X 18*3, 
or 732, c.c. of o*iN.KMn 0 4 ; i.e. to the same volume of 
o-iN. oxalic acid. 

Then, since 1 litre of o-iN. oxalic acid contains 4-5 grams of 
anhydrous oxalic acid, 732 c.c. of o-iN. oxalic acid would 
contain 4-5 X 0732, or 3*29 grams , of anhydrous oxalic acid. 
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And 1 litre of the solution contains the equivalent of 
40 X 30, or 1200 c.c., of otN.H 2 S 0 4 ; i.e. 4-9 x 1-2, or 
5-88 grams, of H 2 SO A . 

Thus, 

1 litre of the acid solution contains f‘ 3 ' 2 f 0 gmmS ° f ( C00// >*' 

5-88 grams of H 2 S 0 4 . 

114. To Determine a Solution containing an 
Inorganic Halide and Free Acid. The free acid is 
estimated by means of standard NaOH, and the halide in 
neutral solution, by means of standard silver nitrate When 
however HCl is the acid in the solution, it will also be pre- 
apitated as AgCl by titration with silver nitrate ; so that 
in this case the total chlorine has to be estimated, and the 
amount of halide determined by difference. 

nJfiuri ES r\ m ? t , e a Solution containing a Mixture of NaCl 

w fh H S L a (l i A , 1 , lq ? 0t PO rtio ns of the solution are titrated 
with standard alkali, and the amount of HC 1 deduced from 

mean titration value. Suppose this mean volume to be 
Wj c.c. 

. (ii ) To aliquot portions of the solution add «, c.c. of 
standard alkali (without the indicator) ; the reason for this 

silver C n°> rS r’ that ^ estim ation of the chlorine by standard 
tolL rwi rate •"”?? be , camed out in neutral solution. The 
silver n S 1 he ? de ^ ermin&d b y titration with standard 

indicator Snii § +n 7 ’ usmg . Potassmm chromate as the 
Tho Su PP° se the m ean titration value to be n 0 c.c. 
hen, the amount of NaCl in each aliquot portion of the 
solute, ts equivalent to c.c ’of sSsrVsill.r 

tsiS/Nacf'lJr 25 c c - ot a solution con- 

HC required a "lean volume of 17-2 c c 

nrlS a N ™°F t0 neutra lize the HC1, and 47-7 c c of 

pre ?Pi, tate a11 th e chlorine as AgCl. 7 

en iil^n?! 10 ” ° f tke HCL 1 htre of the solution is 

grJms of S HQ of “^N-NaOH is equivalent to 3-65 

fhs x o f 688 ’nr , 8 c C ' C ' ° f °' I N-NaOH wiU be equivalent to 
5 r,T or 2 ' 51 g™™, of HCl. 

eou/v fl W M + M ° f the NaCL 1 htre of the solution is 

th^ amount 0 688^ 47 ' 7 ' “ I9 ° 8 ? C " of 0 ’iN.AgN0 3 , and, of 
iiQo8 - A8«; 688 are e< l uivale nt to the HCl ; therefore 

the NaCl. * ° T 12,7,0 c,c *' °* 0#I N.AgN 0 3 are equivalent to 
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Now, i litre of o-iN.AgN 0 3 is equivalent to 5-85 grams of 
NaCl. Therefore 1*22 litres of o-iN.AgN 0 3 are equivalent 
to 5-85 x i*22, or j'14 grams , of NaCl . 

Thus, 


1 litre of the solution contains 


2-51 grams of H Cl, 
7-14 grams of NaCl. 


(b) To Estimate a Solutioyi containing a Mixture of NaCl 
and HN 0 3 . The procedure is exactly the same as in the 
previous determination, (i) Aliquot portions of the solution 
are titrated with standard NaOH, and the amount of HN 0 3 
calculated from the mean titration value (n 1 c.c.). (ii) Aliquot 
portions of the solution are then carefully neutralized by the 
addition of n 1 c.c. of the standard NaOH (without the indi- 
cator), and the NaCl determined by titration with standard 
silver nitrate solution. 


Let the mean titration value be n 2 c.c. 

Then, the amount of HN 0 3 in the solution is equivalent 
to n x c.c. of standard NaOH, and the NaCl is equivalent 
to « 2 cc - standard AgN 0 3 . 


115. To Determine a Solution containing an Inor- 
ganic Halide and an Alkali. The method is similar to 
that for the determination of a mixture of a halide and an acid. 

(a) Aliquot portions of the solution are titrated with 
standard acid and the amount of alkali determined from the 

mean titration value ( n 1 c.c.). 

(b) Aliquot portions of the solution are then neutralized 

by the addition of n x c.c. of standard acid (without the 
indicator), and the halide is determined from the mean 
titration value obtained with standard silver nitrate (see § 87). 

For example, 25 c.c. of a solution containing KBr and 
KOH required a mean volume of 23-5 c.c. of o-iN.H 2 S 0 4 to 
neutralize the KOH, and 20-4 c.c. of o-iN.AgN 0 3 to precipi- 
tate all the bromide as AgBr ; i.e. 1 litre of the solution is 
equivalent to 94 ° c,c - 0.1N.H2SO4, and 816 c.c. o 

o-iN.AgN 0 3 . „ ^ . 

(a) Calculation of the KOH. 1 litre of o-iN.H 2 S 0 4 is 

equivalent to 5-6 grams of KOH. Therefore, 940 c.c. of 

o-iN.H 2 S 0 4 are equivalent to 5-6 X 0-94, or 526 grams, 


of KOH. 

(b) Calculation of the KBr. i litre of o*iN.AgN<J 3 is 
equivalent to n*9 grams of KBr. Therefore 816 c.c. ot 
o-iN.AgN 0 3 are equivalent to 11-9 X 0-816, or 97J grams, 


of KBr . 
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Thus, 

1 litre of the solution contains \ 5 ' 26 ^ ams °f K0H ■ 

[9-71 grams of KBr. 

116. To Determine a Solution containing NaCIO and 
NaOH. The hypochlorite is estimated, in the presence of 
dilute HC 1 (or acetic acid), by treating aliquot portions of the 
solution with excess of KI and titrating the liberated iodine 
with standard sodium thiosulphate as described in §67. The 
alkali is then determined by titration with standard HC 1 . 

xt 2 5 c,c * a solution containing a mixture of 

NaCIO and NaOH were acidified with dilute HC 1 and treated 
with excess of KI. As a mean of three titrations it was found 
that 20-0 c.c. of o-iN.Na 2 S 2 0 3 were required to reduce the 
iodine liberated in the reaction. It was also found that 

25 xt C t'tP, the solutlon required a mean volume of 27-5 c.c. of 
o-iN.HCl to neutralize the NaOH. 

(a) Calculation of the NaCIO. 1 litre of the solution is 

equivaicmt to 40 x 20-0, or 800 c.c., of o-iN. iodine. 

hen si nce 1 litre 0 f o-iN. iodine is equivalent to 3-725 

grams of NaQO (see § 67), 800 c.c. of o-iN. iodine will be 

equivalent to 3-725 x o-8, or 2-q 8 grams, of NaCIO. 

e JZSfTi atl0n °f the Na0H • 1 litre of the solution is 

equivalent to 40 x 27-5, or 1100 c.c., of o-iN.NaOH. 

NaOH *h n< V Htre ° f °' lN - Na0H contains 4*0 grams of 

a-n v r t T herefore 1100 c - c - of o-iN.NaOH are equivalent to 
4 ° * 1 ' 1 > or 4 ' 4 ° grams, of NaOH. 

Thus, 


1 litre of the solution contains 


2-g8 grams of NaCIO, 
\ 4 ‘ 4 ° grains of NaOH. 

AM I Mn m ™ E e DETEEMIN i TION OF A SoLUTI °N CONTAINING AN 

saKfoSJfV AND Ammonia. If the ammonium 

mated hv tif 1 °™ °T ? f the hal °g en aci ds it can be esti- 
silvernitratf ^ ^ 10I \u 0f / he neutral solution with standard 
t tration^H-h / free J amm °nia has been determined by 

If howevTr thl andard a - Cld ' US 1 i ng meth y l red as indicator 
acid the ammonium salt is not the salt of a halogen 

§ 28 ’ f Method ^ am ^° nla mUSt estina ated as described in 
by difference * amoun t of ammonium salt determined 

NH* T °ti\ D Zv rmi ? e a Solulion containing NH t Cl and Free 

Stanford P ortl °ns of the solution are titrated with 

ranr l/.? 1 USI " g ™ ethyl red as the indicator (methyl 
ange may be employed mstead of methyl red, though, in 
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that case, the ‘ end-point ’ of the titration will not be so 
sharply indicated). Let the mean volume of standard acid 
required be n x c.c. 

(ii) Aliquot portions of the solution are then neutralized 
by the addition oi n 1 c.c. of standard acid (without the 
indicator) and titrated with standard silver nitrate solution 
(see § 87). The amount of NH 4 C 1 in the solution is then 
calculated from the mean titration value, n 2 c.c. 

For example, in an experiment, 25 c.c. of a solution con- 
taining NH 4 C 1 and free NH 3 required a mean volume of 
17-5 c.c. of o-iN.H 2 S 0 4 to neutralize the free NH 3 , and 
24-5 c.c. of o-iN.AgN 0 3 to precipitate the NH 4 C 1 as AgCl. 

Thus, 1 litre of the solution is equivalent to 700 c.c. of 
o-iN.H 2 S 0 4 , and 980 c.c. of o-iN.AgN 0 4 . 

(i) Calculation of the Free NH 3 . 1 litre of o*iN.H 2 S 0 4 is 
equivalent to 17 grams of NH 3 . Therefore, 700 c.c. of 
o*iN.H 2 S 0 4 are equivalent to 17 X 07, or 1-19 grams, 

tii) Calculation of the NH A Cl. 1 litre of o-iN.AgN 0 3 is 
equivalent to 5*35 grams of NH 4 C 1 . Therefore, 980 c.c. of 
o-iN.AgN 0 3 are equivalent to 5-35 X 0-98, or 5-24 grams, 

of NH A Cl. 


Thus, 

1 litre of the solution contains 


f 1-19 grams of free NH 3 , 
5 * 2 4 grams of NH A Cl. 


(b) To Determine a Solution containing (. NH A ) 2 SO 4 and 
Free NH 3 . (i) The free NH 3 is determined, as in the previous 
experiment, by titration with standard acid, using methyl 
red as the indicator. Suppose that the mean volume ot 

standard acid required is n 1 c.c. . 

(ii) The total ammonia is then determined as described in 

§ 28, (Method 2), and the amount of ammonium sulphate is 

determined by difference. Let the volume of standard acid 

neutralized by the total ammonia be n 2 c.c. Then, the 

ammonia in the ammonium sulphate is equivalent to (n 2 — w 2 ) 

c.c. of standard acid. . A 

For example, 25 c.c. of a solution containing free Nti 3 ana 
(NH 4 ) 2 S 0 4 required 20*0 c.c. of o-iN.H 2 S 0 4 to neutralize 
the free NH 3 ; i.e. 1 litre of the solution is equivalent to 

800 c.c. of o*iN.H 2 S 0 4 . , 

Now, 1 litre of o-iN.H 2 S 0 4 is equivalent to 17 grams ot 

NH 3 . Therefore, 800 c.c. of o-iN.H 2 S 0 4 are equivalent to 
17 x o-8, or 1-36 grams, of NH 3 . 


DETERMINATIONS INVOLVING VOLUMETRIC ANALYSIS 1 59 

25 c.c. of the solution were then boiled with excess of NaOH 
and the evolved NH 3 was absorbed in 100 c.c. of o-iN.H 2 SO . 
(see § 28, Method 2). It was found that 45 c.c. of o-iN.NaOH 
were required to neutralize the excess H 2 S 0 4 . 

Therefore (100 -45), or 55 c.c., of o-iN.H 2 S0 4 have been 
neutralized by the evolved NH S ; and 20 c.c. of this are 

equivalent to the free NH 3 in the solution (see above). 

1 V 7 ef r nPt r 2, ° ) ' ° r 35 c c ’’ of o-iN.H 2 S 0 4 are equiva- 

i n 25 CX - 0f the soIution ; i.e. the 
(JNH 4 ) 2 b0 4 in 1 litre of the solution is equivalent to as x 40 
or 1400 c.c., of o-iN.H 2 S 0 4 . 3 4 

iNH°r«;n lltr xi° f °; iN - H 2 S ° 4 is equivalent to 6-6 grams of 
lent tofifi 4 "v Therefore - x '4 litres of o-iN.H 2 S0 4 are equiva- 

Thus 6 ' 6 4 ’ ° r 9 ' 24 grams - °f ( NH i) i SO i . 

1 htre of the solution contains - 


1-36 grams of free NH 3 , 
9-24 grams of (Atf 4 ) 2 S 0 4 


ANAmnmTm^ ERMI T ON OF A SoLU TION containing 
salt hth* h * J AN ° Caust ic Alkali. If the ammonium 

estimated. 6 W ° • a ha J° gen acid the mature is best 

(Svl o ra b nL det fri nmg . t ] le aIkali with standard acid 

then deteSint “ lndlcator to use in this case), and 
determining the ammonium halide bv titration in 

If r , solution, with standard silver nitrate (see S 87) 
be t’ i!T e T i, tke ammonium salt is not a hahde then it is 
acSaf “h 6 by ,f he method > T described in § 28 The 

rustic alkali ifin exce^or not" e Wbe . ther the amou nt of 

is The s 

orangeTthe indicator^ 11 With standard aci d> using method 

(\:f indicator (as an ammonium salt is present! 

po t on of nr Sal Vi S th6n determined by bSg a 

mined by t tmtlon Zh J % NaOH is * hen defer- 

,n r n ir?° » ^ STby o diH e «„” e,i ' ,ivaieni *-> & 

is N °s £ ““ s - (i) The NaOH 

acid were required to tipi + oppose that n 1 c.c. of decinormal 
of the solution neutralize the NaOH in a given volume 

added to “Ime ? .^N-NaOH (n 2 c.c.) is then 

ame amount of solution as was taken in (i). 
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and the ammonia in the ammonium salt is determined as in 
§ 28 (Method 1). Suppose that n 3 c.c. of decinormal acid were 
required to neutralize the excess NaOH. 

Then, the NH 3 in the ammonium salt is equivalent to 
( n 1 + n 2 — n 3 ) c.c. of decinormal acid. 

For example, in an experiment, it was found that 25 c.c. 
of a solution containing ammonium sulphate and NaOH re- 
quired a mean volume of 21-0 c.c. of o-iN.H 2 S 0 4 to neutralize 
the NaOH. 

25 c.c. of o-iN.NaOH were then added to 25 c.c. of the 
solution, and the mixture was boiled until the evolution of 
ammonia ceased. On cooling, it was found that 17*6 c.c. of 
otN.H 2 S 0 4 were required to neutralize the excess NaOH. 

(i) Calculation of the NaOH. 1 litre of the solution contains 
40 x 21, or 840 c.c., of o-iN.NaOH ; i.e. 4-0 x 0-84, or 
3' 36 grams , of NaOH. 

(; ii ) Calculation of the (. NH A ) 2 SO 4 . The ammonium sulphate 
in 1 litre of solution is equivalent to 40 X (21 + 25 — 17-6), 
or 1136 c.c., of o-iN.H 2 S 0 4 . And 1 litre of o-iN.H 2 S 0 4 is 

equivalent to 6-6 grams of (NH 4 ) 2 S 0 4 . . 

Therefore, 1-136 litres of o-iN.H 2 S 0 4 are equivalent to 

6-6 X 1-136, or 7-30 grams, of (iVH 4 ) 2 50 4 . 


Thus, 

1 litre of the solution contains 


3-36 grams of NaOH, 

7* 30 grams of (NH 4) 2 S 0 4. 


no. To Determine a Mixture of an Ammonium Halide 
and another Ammonium Salt, (a) An accurately known 
weight of the mixture is dissolved in distilled water, neutralized 
if necessary, and diluted to a convenient volume. Aliquot 
portions are then titrated with standard silver nitrate, and 
the ammonium halide is determined from the mean titration 


V ^(b) The total ammonia is then determined by either of the 
methods described in § 28. The amount of the second 
ammonium salt is then estimated by difference. 

For example, 25 c.c. of a solution containing N £ 4 U ana 
NH 4 N 0 3 required a mean volume of 20-0 c.c. of o-iN.AgJNU 3 

to precipitate the NH 4 C 1 . . , _ 

Another 25 c.c. of the solution were mixed with 100 c.c. 01. 

o-iN NaOH boiled until the evolution of NH 3 ceased, cooled, 

and 'titrated with o-iN.H 2 S 0 4 , 32*5 c.c. of which were 

^a) 1 ^ ^Calculation of the NHfil. 1 litre of o-iN.AgN 0 3 is 
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5-35 grams of NH 4 C1. Therefore, 20 c c of 
t/N^a > 'I”™ 1 '”* <° 5-35 X o - o 3 , or o-°o 7 graZ, 

v«!*t to too°“ The mal is «l«i- 

(■»" ixNH „;,£^H’’»r 5 cc ' of r ,KH =so, -n.',,. 

or 47-5 c.c o’f o-,N H™of ’ “ ' q ” ,Valent *° <»7-5 - 30-0), 

.f T NH;^r 474 re c O 'c 0 "„?'5fN°k iS s e o qU ‘ Vata ' *° 8 ° 

8 '°* °T 5 ' 0-380 grot, I/nh,^. "* eq ' ,,V ‘ Ienl *° 

fhus, the percentage of NH 4 C1 in the mixture is 

0*107 

^87 x IO °' or 2I '9% ; 


and the percentage of NH 4 N0 3 is 


0-380 

ogS 7 x 10 °. or 

u»”c aSoSt?™™ 1 ^ !So«g'Zo C h TA "'“ G a " Al “- 

using methyl orange as the Vndte + h standard H 2 S0 4 , 

by the add?tion°llf 0 w S c 0 c f oTsta^dZ tlV hen neutr alized 
indicator)*, and the halide is ^ 2 ? ° 4 ( without the 

standard AgNO a (see § 87). determ ‘ned b y titration with 

b o n a t e C an"? ? s od fum" ch lori^ie °rea uir ^° ntainin S sodium car- 
21 6 c.c. of o*iN H SO to rip» e< 13 ? ire ^ a mean volume of 

fh d t!? additi °nal 20*8 4 c c of o rN^A t S ° diUm carbona te, 
the chloride as silver chloride. N ' AgN ° 3 to Precipitate all 

t0 864 cc ’ of 

equivalent ‘to ^”3 ^ams of N° CO 1 ^ ° f °' iN .H 2 S0 4 is 
7n% S o°* - talent toV/x ££ 

\ ) Calculation of fl** 7\j n n 

equivalent to ^ Na Cl. i litre of o*iN AeNO ic 


11 


* Boil to expel CO a and allow to cool. 
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Thus, 


i litre of the solution contains 


'4-58 grams ofNa 2 C 0 3 , 
4'8y grams of NaCl. 


121. To Determine a Solution containing an Alka- 
line Cyanide and a Ferrocyanide. (a) Aliquot portions 
of the solution are titrated with standard silver nitrate, and 
the cyanide is determined from the mean titration value 
(see § 91). 

(b) A standard solution of zinc is prepared by dissolving 
1 gram of pure zinc-foil in pure, dilute H 2 S 0 4 (a large excess 
of acid must be avoided), and the solution is diluted to 250 c.c. 
Aliquot portions of the solution are then titrated with the 
solution containing the ferrocyanide, at a temperature not 
below 90° C. ( using uranyl acetate as an external indicator ; 
the titration must be carried out slowly (see § 106). The 
ferrocyanide is then determined from the mean titration 
value, employing the equivalents (in the case of potassium 

ferrocyanide) : 2 K 4 Fe(CN) „ = 3 Z n. 


For example, 25 c.c. of a solution containing a mixture of 
potassium cyanide and potassium ferrocyanide required a 
mean titration of 18-5 c.c. of o-iN.AgN 0 3 to convert the KCN 
to the double cyanide, KAg(CN) 2 (for method see § 91) ; i.e. 

1 litre of solution = 74 ° c - c - o-iN.AgN 0 3 . 

A further 25 c.c. of the solution required a mean volume of 

52-0 c.c. of a standard zinc solution (1 c.c. — 0-004 gram of Zn) 
to effect the brown coloration with uranyl acetate ; i.e. 1 litre 


= 2-08 litres of Zn solution. . 

(a) Calculation of the KCN. 1 litre of o-iN.AgN 0 3 is 
equivalent to 13-0 grams of KCN (see § 91). Therefore, 
740 c.c. of o*iN.AgN 0 3 are equivalent to 13*0 X 0-74, or 
0-62 grams, of KCN. 

(b) Calculation of the Ferrocyanide. 2-08 litres of Zn 

solution contain 2-08 X 4, or 8-32 grams, of Zn. 

Thus 1 litre of the mixture is equivalent to 8-32 grams ot Zn. 
Now' 3Zn = 2K 4 Fe(CN) 6 ; 

i.e. 3 x 65-4 grams of Zn = 2 X 368 grams of K 4 Fe(CN) 6 . 

Thus, 8-32 grams of Zn = 

2 x 3 — x 8-32, or 31-22 grams, of K^Fe[CN) 3 . 

3 X 65*4 

Thus, , , r 

[9*62 grams of KCN , 

1 litre of the solution contains j ~j. 2 2 prams of KAFelCN) 6 . 
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SUGGESTED EXPERIMENTS ON CHAPTER VIII 

Vf®, g J Ven w- aqU D e0US solution . A. Containing a known 
weight of KCI, and a solution, B, containing a known weight of hydrated 

nitrate a i at d* ^° U - are provided with decinormal solutions of 
nitrate and potassium permanganate, and are asked to find 

z at i o n i ri*t h eHi y d r at e d*o x*a late .' (&) P ercenta g e of wat " of crystalli- 

sodi'.i mhiHprtt P rovid ? d with decinormal solutions of silver nitrate and 
sodium hydroxide, and are required to determine the respective amounts 
of calcium chloride and HC1 in 1 litre of the given solution am ° UntS 
3- xou are provided with a normal solution of KOH and a rWi 

?h™ S °t tl0n 0f P °‘“ permanganate, and are askelto determine 
ol Z !wen!olntfon * SU ‘ phuric acid in 1 litre 

nit 4 rate Y ° Drterm?ni li f| d With de ^l normal sulphuric acid and solid silver 

r c c of the gfven"olutlon reSPeCtlVe am ° UntS ° f Na ° H and NaCI in 

K - 5 ; , Yoi i are ? ive R a mixture containing sodium carbonate sodium 

so ution n s a o? NaOH T Y ° U are P rovided wi?h dednormS 

solutions of NaOH and silver nitrate, and are asked to determine the 
percentage composition of the mixture determine the 

23Ef3££ in ^e ~ - 

given mixture 2* percenta ge composition of the 

are 8 Pr Y^“ YOU 

You are . Provided with decinormal solutions of iodine and Hri 

•ri» swssr zs?"™ 

ass saaa. aswa 

results, and if there i<? anv d - tle scdutlon - Compare the two 
difference. ’ 7 discrepancy, suggest a reason for the 

decinormal* 1 potess^um d permaneanat K ° h’ "° rm ? 1 SUl P huric acid - aad 
respective amounts of oxalic acid and deterraine the 
i litre of the given solution Potassium hydrogen oxalate in 

amounts of " KCN'andTnntac m f^ od * or estimating the respective 
solution. and potassium ferrocyanide, in i litre of th e P given 

solution^coTtaini'ng Nali'po, and ' Na°HPO ^ determination ° f a 

detemiurrsotoionTHcT^f ' “ SUlphate and decinormal NaOH, 

a solution of HC1 containing potassium dichromate. 


CHAPTER IX 


AN IMPORTANT APPLICATION OF VOLUMETRIC 

ANALYSIS: SOLUBILITIES 

122. If a compound can be estimated, in solution, by any 
volumetric method, then it is generally possible to determine 
its solubility in the same solvent by the same method, or by 

some modification of that method. 

In general, a saturated solution of the substance is prepared, 
at the particular temperature desired ; the solution is diluted 
to a convenient volume and titrated with the specific standard 
solution. This method applies particularly to solids, but, m 
several cases, it is also applicable to dissolved liquids and 
gases (especially where the gas has a high solubility). 

THE SOLUBILITIES OF SOLIDS 

The solubility of a solid is usually expressed as a percentage ; 
i.e. the number of grams of the solid which will dissolve in 
ioo grams of a solvent at a particular temperature. 

The solubility of a solid is generally determined volumetn- 
callv by making a saturated solution of the solid, in the given 
solvent, at the temperature desired, and then diluting the 
solution considerably. Aliquot portions of the diluted solu- 
tion are then titrated with the specific standard reagent, and 
the solubility is calculated from the titration values In the 
case of an aqueous solution of a solid, if the degree of dilution 
of the saturated solution has been considerable it is customary 
to express the solubility of the solid as the amount of solid 
dissolved in ioo c.c. of solution, and to assume that this value 
approximates very nearly to the true solubility. This 
assumption is quite justifiable where the dilution of the 
saturated solution has been very great, but very little extra 
trouble is experienced by taking a weighed quantity of the 
saturated solution, diluting, titrating with the required stan- 
dard reagent, and then expressing the solubility directly as 
a percentage. With any other solvent than water this 

m For eimmple, 6 suppose that w , grams of the saturated solu- 
tion are taken, and that it is found from the subsequent 
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titration of this amount of solution that w 2 grams of the solid 
are present in the w x grams of solution. 

Then, the solubility of the solid will be given by the 
expression : 

1 007 # 2 

w x — w 2 

N.B. — Where the solubility has to be determined at tempera- 
tures above that of the room, a saturated solution is made in a 
vessel, immersed in a thermostat at a temperature a few 
degrees above the required temperature ; the solution is then 
allowed to cool slowly, and, directly the required temperature 
is reached, a suitable quantity of the solution is withdrawn 
into a weighed vessel and its weight determined. The 
solubility is then determined in the ordinary way. 

123. The Determination of the Solubility of Sodium 
Chloride at Room Temperature. A saturated solution of 
pure NaCl was prepared at room temperature, and a portion 
of the solution was transferred to a clean, dry, weighed flask. 
The weight of the solution was then determined and was found 
to be 33*89 grams. The portion of the saturated solution 
was then diluted to 1 litre with distilled water, and aliquot 
portions were titrated with o*iN.AgN 0 3 . It was found that 
a mean volume of 38*0 c.c. of the o*iN.AgN 0 3 was needed to 
precipitate all the chlorine, in 25 c.c. of solution, as silver 
chloride. 

Thus, 1 litre of the diluted NaCl solution is equivalent to 
38 x 40, or 1520 c.c., of o*iN.AgN 0 3 . 

Then, since 1 litre of o*iN.AgN 0 3 is equivalent to 5*85 grams 
of NaCl, 1*52 litres of o*iN.AgN 0 3 are equivalent to 5*85 x 1*52, 
or 8*89 grams, of NaCl. 

Therefore, 33*89 grams of saturated NaCl solution contain, 
at room temperature, 8*89 grams of NaCl. 

Thus, the solubility of NaCl, at room temperature, is 

100 X 8*89 

33-89 _ 8 . 89 °^ 5 - 56 %. 

124. The Solubilities of Ammonium Salts. The solu- 
bility of an ammonium salt may be determined by preparing 
a saturated solution of the salt, at the required temperature, 
and diluting a known weight (w x ) of the solution. The 
ammonia in the portion of saturated solution is then deter- 
mined by either of the methods described in § 28, and the 
amount of ammonium salt in the solution is then calculated. 
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Let this amount be w 2 grams. Then, the solubility of the 
ammonium salt is given by the expression 

100^2 

W 1 — W 2 

N.B. — In the case of ammonium chloride, or the ammonium 
salt of any other halogen acid, the silver nitrate method (as 
employed in § 87) is much more convenient. 

125. The Solubility of Oxalic Acid. A saturated 
solution of the acid is prepared at the particular temperature 
desired ; a weighed amount (zeq) of the solution is diluted to 
suitable volume, and titrated with standard NaOH or KMn 0 4 . 
Then, if w 2 grams of oxalic acid are present in w 1 grams of 
solution, the solubility of the acid is given by the expression 

100 w 2 



w x — W 2 

126. The Solubilities of Ferrous and Ferric Salts. 
(a) Ferrous Salts. Make a saturated solution of the ferrous 
salt at the required temperature, and dilute a known weight 
(Wj) of the solution to a convenient volume. Titrate aliquot 
portions of the solution with standard KMn 0 4 (see § 36 ; in 
the case of ferrous chloride standard K 2 Cr 2 0 7 must be used 
in preference to KMn 0 4 , see § 52). The amount of ferrous 
salt (w 2 ) in the known weight of saturated solution is then 
determined from the mean titration value. The solubility is 
then given by the expression 

IOOZ 0 2 

Wi — w 2 

(b) Ferric Salts. A saturated solution of the salt is pre- 
pared at the required temperature. A weighed amount (zeq) 
of the solution is then diluted, and aliquot portions are 
reduced to the ferrous state by one or other of the methods 
given in § 37. The amount (w 2 ) of ferric salt is then deter- 
mined by titration with standard KMn 0 4 (or standard 
K 2 Cr 2 0 7 in the case of ferric chloride ; the zinc acid method 
of reduction must not be employed in this detennination) . 
The solubility is then determined from the expression 

ioo^ 2 

W\ — w 2 

127. The Solubility of Potassium Dichromate. Make 
a saturated solution of the compound at the required tempera- 
ture, and dilute a weighed amount (zeq) to a suitable volume. 
Titrate aliquot portions of the solution with a standard 
solution of ferrous ammonium sulphate (see § 50), and calculate 
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the amount of the dichromate (w 2 ) in w x grams of solution. 
Deduce the solubility from the expression 

IOOZ£> 2 


w i ~ ™ 2 


128. The Solubility of Soluble Silver Salts. Prepare 
a saturated solution of the silver salt at the required tempera- 
ture. Dilute w x grams of the saturated solution to a con- 
venient volume, and titrate aliquot portions with standard 
NaCl solution (see § 96). Calculate the amount of silver salt 
(w 2 ) in w x grams of the saturated solution. The solubility is 
determined from the expression 

IOOZ# 2 


w Y — w 2 


A 2 

129. The Solubility of Sodium Thiosulphate. Make 
a saturated solution of sodium thiosulphate at the required 
temperature, and dilute w x grams of the solution to a suitable 
volume. Titrate aliquot portions of the diluted solution 
with standard iodine solution (see § 59 (a)). Calculate the 
amount of Na^Og^HgO (w 2 ) in w x grams of the solution, 
the solubility is then determined from the expression 

I003^ 2 


W 1 — w 2 


j 2 ^ 2 

I3 °‘ Solubility of Antimonyl Potassium Tar- 
trate Make a saturated solution of the tartrate at the 

coinr d J em P erature / dilute w x grams of the saturated 
“ n f. conv puient volume, and titrate aliquot portions 
ot this solution with standard iodine solution (see § 61 (a)) 

+ he a ? l0Un L 0f tai 1 rate W in w x grams of the 
saturated solution from the equivalents * 

The solubility is then determined from the expression 

ioozg 2 
w x — w 2 ' 

, 131 ' , E , Solubility of Potassium Iodate. Prepare a 

and Hi SOlUtl ° n ° f i0date at the desi «d temperature! 
Estimate Z 1 grams + of /h e ; solution to a convenient volume. 

foluZn bv tw' 11114 r IOdate in *1 grams of saturated 

with excess of KT® P 0 * 1011 * ° f the diluted solution 

standard «od ?f KI + .^ nd 1 titrating the liberated iodine with 

sodium thiosulphate, as described in § 6q. The 
solubility is determined from the expression 9 

lOOWn 


W 1 — 
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132. The Solubility of Potassium Bromate. Make a 
saturated solution of the bromate at the required temperature 
and dilute w x grams of the solution to a suitable volume, 
Estimate the weight of bromate (; w 2 ) by means of KI and 
standard sodium thiosulphate, as described in § 70. Calculate 
the solubility of the bromate from the expression 

1 ooze’ 2 


W\ — W 2 

133. The Solubility of Potassium Chromate. Make 
a saturated solution of the chromate at the required tempera- 
ture, and dilute w x grams of the solution to a suitable volume. 
Estimate the amount of chromate (w 2 ) in w x grams of saturated 
solution by means of KI and standard sodium thiosulphate, 
as described in § 71. Calculate the solubility from the 
expression iooz^ 2 


w x — w 2 

134. The Solubilities of Liquids. Volumetric methods 
may be employed, in suitable cases, for the determination 
of solubilities of liquids in water. The methods nrny be 
employed, if practicable, not only to liquids which are -misciWe 
in all proportions with water, but also to those liquids which 

are only partially miscible with water : e.g. • r, 

To Determine the Solubility of Aniline m Water at Room 
Temperature. The solubility of aniline in water is generally 
determined by means of a standard solution of a mixture ^o 
potassium bromide and potassium bromate. As m the c ^se 
of the standard solution of a mixture of potassium lodate and 
potassium iodide (see § 84), the constituents mnst m the 

molecular proportions S KBr : KBrO, This » “ 

nrenared by carefully adding bromine to a saturated solution 
of KOH until no more bromine is dissolved ; the solution 
then diluted in order to dissolve any bromate which mayhave 
crystallized out, and a little more bromine is added. Brom me 
water is then added cautiously until the solution has a faint 

^Standardization oft'he Bromide-bromate (see § 108). 

The solution is standardized by means of a standard anilin 
solution o-5 gram of aniline is weighed accurately and dis 
solved in 20'xx. of water, to which 10 c.a of concentrated 
HC 1 have been added. The aniline is thus brought in 

rSK ? ‘ h c e S? he °‘»S e ^ *» «■» 

gram of aniline. 
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10 c.c. of this solution (0-25 gram of aniline) are then titrated 
with the bromide-bromate solution, the solution being well 
shaken after each addition. A white precipitate of tri- 
bromaniline is obtained and the supernatant liquid is, at 
first, colourless, but directly there is the slightest excess of 
evolved bromine it turns a faint yellow ; this marks the 
‘ end-point * of the titration. The remaining 10 c.c. of the 
standard aniline solution are then titrated with the bromide- 
bromate solution, and the solution is then standardized from 
the mean titration value. 

The reactions which take place are as follow : 

(i) The HC1 liberates the free acids, in solution, from the 
bromide and the bromate : 

5KBr + KBr0 3 + 6HC1 = HBrO ? + 5HBr + 6KC1. 

(ii) These two acids then interact with the liberation of 
bromine : 

HBr0 3 + 5HBr = 3Br 2 + 3H 2 0. 

(iii) The bromine attacks the aniline with the formation 
of tribromaniline, the ‘ end-point ’ of the reaction being 
indicated by the appearance of the faint yellow colour 
of the first trace of excess bromine : 

C 6 H 5 NH 2 + 3 Br 2 = C 6 H 2 Br 3 NH 2 + 3 HBr. 

The Determination. About 20 c.c. of aniline are thoroughly 
shaken with 100 c.c. of water, and the solution is then allowed 
to settle. It will be seen that there are two distinct layers : 
an upper layer consisting of an aqueous solution of aniline, 
and a lower layer of a solution of water in aniline. 10 c.c. of 
the upper layer are withdrawn and titrated with the standard 
bromide-bromate solution as described above. Three con- 
cordant results are obtained, and the solubility of the aniline 
in water obtained from the mean titration value. 

135. The Volumetric Determination of the Solubili- 
ties of Extremely Soluble Gases. With the exception of 
chlorine, the solubilities of gases which are only sparingly 
soluble in water cannot be determined accurately by volu- 
metric methods ; but extremely soluble gases, such as hydro- 
gen chloride, ammonia, and sulphur dioxide, are best deter- 
mined by volumetric methods. The reason for this is that 
an extremely soluble gas does not obey Henry’s Law, except 
at fairly high temperatures, and its solubility, at low tempera- 
tures, cannot therefore be determined by the direct application 
of Henry’s Law. 

The solubility of a gas is defined as the number of c.c. of the 
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gas dissolved by 1 c.c . of the solvent. This volume reduced to 
normal temperature and pressure is know as the Coefficient 
of Absorption of the gas. 

136. To Determine the Solubility of Ammonia in 
Water at o° C. 

The apparatus consists of a U-tube of thin glass with a 
bulb blown at the bend. It is weighed empty (zeq), and air- 
free distilled water is then introduced until the bulb is about 
three-quarters filled. The tube is then placed in a large 
beaker containing a mixture of ice and water (the determina- 
tion is thus carried out at o° C.). The tube is then attached 
at C to an apparatus for the preparation of pure, dry ammonia, 
and a steady stream of ammonia gas is passed through the 
tube until no more ammonia is absorbed by the water in the 
bulb. The generator is then detached and the U-tube sealed 
at B, and then at A by means of a mouth blowpipe. The 


c 



tube is then re-weighed, together with the piece of glass 
removed from B in sealing the tube. Suppose that this 
weight is w 2 grams : 

Then the weight of the saturated solution of the gas is 
w 2 — w x grams. 

The U-tube is then immersed in a measured excess of 
N.H 2 S 0 4 , and the bulb is broken by means of a piece of glass 
tubing ; the ammonia thus combines with the sulphuric acid 
forming ammonium sulphate. The excess N.H 2 S 0 4 is then 
determined by titration with N.NaOH, using methyl orange 
as the indicator ; the weight of ammonia (w 3 ) in the saturated 
solution is then calculated from the titration value. 

Thus, the weight of water will be (w 2 — z^i) — w 3 grams. 

W n 

Therefore 1 gram of water will dissolve 7 \ — r*— 

(w 2 — w x ) — w 3 

grams of ammonia. 
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The coefficient of absorption of ammonia in water can then 
be calculated from the data ; 1 litre of hydrogen, at N.T.P., 
weighs 0-09 gram, and the vapour density of ammonia is 8-5. 

Thus, 1 litre of ammonia, at N.T.P., weighs 0-09 x 8-5, or 
0-765 gram. 

For example, in an experiment, the following results were 
obtained : 

Weight of saturated solution of NH 3 = 7-576 grams. 

Temperature of solution = o° C. 

Volume of N.H 2 S 0 4 = 250 c.c. 

Volume of N.NaOH required to neutralize the excess 
H 2 S 0 4 = 52-5 c.c. 

Thus, (250 — 52-5), or 197-5 c.c. , of N.H 2 S 0 4 have been 
required to neutralize the saturated solution of NH 3 ; i.e. 

7'576 grams of saturated NH 3 solution contain the equivalent 
of 197-5 c.c. of N.NH 3 . 

Therefore, 197-5 x -017, or 3-3575 grams, of NH 3 are con- 
tained in 7-576 grams of the saturated solution. 

Thus, (7-576 — 3 * 3575 )> or 4* 2I ^7 grams, of water have 
dissolved 3-3575 grams of NH 3 at o° C. 

Therefore, 1 gram of water dissolves or 0-7050 pram 

of NH 3 at o° C. 4*2187’ /5 ° ys 

Calculation of the Coefficient of Absorption of NH 3 . 1 litre 
of NH 3 weighs 0-765 gram (see above). Therefore, 0-7959 

gram of NH 3 at N.T.P. will occupy a volume of — 7^59 x IOOO 
or J050 c.c. 0-7650 

Thus , 1 c.c. of water , at o° C., will dissolve 1050 c.c. of 
ammonia measured at o° C. and y6o mm. of mercury. 

N.B. If the solubility of the gas has to be determined at 
a temperature above o° C., a thermostat must be employed. 

TT />. . , ^^^1 in Water. Perfectly dry 

HC 1 is used, and the saturated solution of the gas is obtained 
in the same way as for ammonia (see § 136). The bulb is 

xTr\?r . Un ^ er excess of a N.NaOH solution, and the excess 
iNaUxi is determined by titration with standard acid, using 
litmus as the indicator. The solubility of the HC 1 is then 
determined from the weighings and the titration value, in 
exactly the same way as for ammonia (§ 136) . 

138. The Solubility of Sulphur Dioxide in Water. 

aseous sulphur dioxide from a siphon is employed, and a 
saturated solution of the gas at o° C. is prepared in exactly 
tne same way as in the case of ammonia (see § 136). The 
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bulb containing the saturated solution of S 0 2 is broken under 
excess of standard KMn 0 4 , and the excess KMn 0 4 is deter- 
mined by titration with standard oxalic acid solution. It is 
preferable to work with one-fifth normal solutions. The 
weight of SO 2 in the saturated solution is determined from 
the mean titration value, and the solubility is then determined 
exactly as in the case of ammonia (see § 136). 

An alternative method is to break the bulb containing the 
saturated solution of S 0 2 under a standard iodine solution ; 
it is advisable, however, to add a large excess of distilled 
water to the iodine solution as S 0 2 is only estimated accur- 
ately, iodometrically, when in dilute solution. The excess 
iodine is estimated by titration with standard sodium thio- 
sulphate solution, and the solubility determined as before. 

139. The Solubility of Chlorine. Although chlorine 
is a gas which is not extremely soluble in water, its solubility 
may be determined volumetrically by preparing a saturated 
solution of the pure, dry gas in water, as in the case of ammonia 
(see § 136). The bulb containing the saturated solution is 
broken under a solution of KI and the liberated iodine deter- 
mined by titration with standard sodium thiosulphate. The 
solubility is then determined exactly as in the case of ammonia 
(see § 136). 

SUGGESTED EXPERIMENTS ON CHAPTER IX 

1. You are provided with decinormal silver nitrate solution, and 
are required to determine the solubility of KC1, KBr, and KI 
respectively at the temperature of the laboratoiy. 

2. You are provided with decinormal potassium permanganate and 
are asked to determine the solubilities of (a) hydrated potassium 
oxalate at 6o° C., ( b ) ferrous ammonium sulphate at 25 0 C., and ( c ) iron 
alum at laboratory temperature. 

3. Given pure ferrous ammonium sulphate determine the solubility 
of potassium dichromate at the laboratory temperature. 

4. Given a decinormal solution of iodine determine the solubilities 
of ( a ) hydrated sodium thiosulphate, ( b ) sodium arsenite, both at the 
temperature of the laboratory. 

5. You are provided with potassium iodide and decinormal sodium 
thiosulphate, and are required to determine the solubilities of (a) 
potassium iodate, ( b ) potassium bromate, and (c) potassium chromate 

at the temperature of the laboratory. 

6. You are provided with normal solutions of HC1 and NaOH, and 
are asked to determine the solubilities, at o° C., of (a) ammonia gas, 
and (fc) hydrogen chloride. 

7. Devise, and employ, an alternative volumetric method to that 
described in § 138 for the determination of the solubility of sulphur 
dioxide. Carry out the determination at the temperature of the 

laboratory. 


CHAPTER X 


THE THEORY OF INDICATORS 

140. The modem theory of indicators is based upon the 
ionic theory and upon the law of mass action. As indicators 
are generally employed in aqueous solution, it is best, there- 
fore, to commence with a study of water from the standpoints 
of the ionic theory and the law of mass action. 

According to the ionic theory, water is regarded as being 
slightly dissociated into electropositive hydrogen ions and 
electronegative hydroxyl ions : 

H 2 0 ^ H -f OH. 

Suppose that Cn 2 o, Cn, and Cqu are the concentrations, in 
gr dm- equivalents per litre, of the undissociated water, the 
hydrogen ions, and. the hydroxyl ions respectively. 

Then, by the law of mass action, 

Ch X Coh n , , , , 

— 7T = Constant (1) 

Ch 2 o v ' 

Now, since the amount of ionization is very small, the 
concentration of the unionized water must be very large in 
comparison with the ionic concentrations, and may, therefore, 
be taken as constant. 

Thus equation (1) becomes 

Ch X Coh = Ch 2 o X Constant = Kw (2) 

where K w is a constant known as the ionic product of water. 

This product has been determined in various ways, and all 
the results give the value approximately as jo -14 at a tempera- 
ture of 24 0 C. Consequently, since C = C 0 n, the concen- 
tration of both hydrions and hydroxyl ions in pure water, or 
in any neutral solution, will be jo~ 7 gram-equivalents per 
litre (i.e. only one molecule of water in ten million is com- 
pletely ionized) at 24 0 C. / 

I 4 I * The Hydrogen Ion Concentration of Acid and 
Alkaline Solutions. We have just seen that, in a neutral 
solution, the concentration of both hydrions and hydroxyl 
ions is the same, viz. jo -7 gram-equivalents per litre at 24 0 C., 
and that the product of the ionic concentrations at the same 
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temperature is constant, viz. io -14 . If a small quantity of 
acid is added to pure water, or a neutral solution, the hydrogen 
ion concentration will increase beyond the value io -7 , and, 
consequently, since the ionic product is constant, the hydroxyl 
ion concentration will fall below io~ 7 . Conversely, if an alkali 
is added to pure water, or a neutral solution, the hydroxyl ion 
concentration will increase beyond io -7 , and, consequently, 
the hydrogen ion concentration will fall below io -7 . Thus, 
any solution which has a hydrogen ion concentration greater 
than io -7 will be acidic, and if the hydrogen ion concentra- 
tion is below io -7 the solution will be alkaline. Thus, in 
titrating an acid, or a base, the hydrogen ion concentration of the 
titration mixture will be continuously changing. 

It will be apparent, at once, that it is possible to have 
solutions possessing different ‘ degrees of acidity \ For 
example, we may have a series of ‘ acid ’ solutions in which 
the hydrogen ion concentration may vary from, say, io -1 to 
io -6 . Similarly, the range of alkalinity may be equally great. 
In view of this it is not surprising to find that different indi- 
cators give varying results in certain titrations. The concen- 
trations of hydrogen and hydroxyl ions in solutions have been 
determined by various independent methods, and it is, 
therefore, quite simple to prepare solutions of known ionic 
concentrations and to test their behaviour with regard to 
different indicators. The following table shows the ranges 
of sensitiveness for the common indicators : 


Indicator 

Range of Cn over which the 
Colour Change is 
Effective in Accurate Titration 

Methyl Orange 

IO -3 ' 1 

to 

10-4.4 

Methyl Red 

IO - 4 * 4 

to 

IO-6-0 

Paranitrophenol 

I 0 - 5 .° 

to 

IO - 7 * 0 

Litmus 

IO -6 ’ 0 

to 

IO “ 8 * 0 

Phenolphthalein 

IO -8 * 0 

to 

I 0 - 9 ° 


142. The Modern Theory of Indicators. According 
to modem theory all indicators are regarded as weak acids or 
weak bases. In fact, we may say that any weak acid can be 
used as an indicator if it gives, in solution, a negative ion 
which is coloured differently from the undissociated molecule, 
and that any weak base can be used as an indicator if it gives, 
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in solution, a positive ion which is coloured differently from 
the undissociated molecule. 

Thus an indicator which is a weak acid, and which is 
colourless in the unionized state and coloured when ionized, 
may be represented as behaving as follows : 

HA ^ H + A 
colourless coloured 


It is evident that the acid must be weak so that a slight 
excess of hydrogen or hydroxyl ions added to the solution 
will produce a colour change. For example, in the above case 


an excess of H ions will destroy the slight dissociation of the 
indicator governed by the expression : 


Ch X Qa. 

Cha 


Ki (the Dissociation Constant of the indicator), 


and so the solution becomes colourless. If, however, a base 
is added to the aqueous solution of the indicator, the highly 
ionized salt of the indicator and the base is formed, and as 
the negative ion is coloured, the solution will also be coloured. 
Un the other hand, the acid must not be too weak, for with 

baS -^ tl ? e J s . alt formed by the interaction of the base 
8 th ^ acid , indicator will be hydrolyzed considerably 

(see $ 9), and the colour change would occur before true 
equivalence had been attained. 

^ An in d k at °r which is a weak base and which is colourless 
ions h 0mzed state Wl11 Associate, in aqueous solution, into 




XOH 

colourless 


X -f OH 
coloured 


0£ °. H ions , added t0 the solution will destroy 
expression dlSS ° Clatl0n of the “dicator governed by the 

Cx X Cqh __ v 

CxOH - Kl ’ 

^ d , S °, the solution would become colourless. On the other 

Of the'aHH ^ t0 the solution the highly ionized salt 

the oosufve L th • baS1 , C ind i Cat0r Would be foi ™ ed > an d- as 
coloured 13 coloured - the solution would also be 
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EXAMPLES OF ACID INDICATORS 

(a) Paranitro phenol. Paranitrophenol is a fairly strong 
acid indicator ; the un-ionized molecule is colourless and the 
negative ion is yellow in aqueous solution : 

HO.C 6 H 4 .N0 2 ^ H + 0.C~H 4 .N0 2 . 
colourless yellow 

When an acid is added to an aqueous solution of paranitro- 
phenol the ionization of the indicator is suppressed, and, 
consequently, the solution becomes colourless. When, how- 
ever, a base is added to the indicator solution the highly 
ionized salt of the base and paranitrophenol is formed so the 
solution turns yellow owing to the presence of the free negative 
ions. Since paranitrophenol is a moderately strong acid, it 
is used in the tritation of weak bases by strong acids ; the 
salt of the paranitrophenol which is formed in the titration 
will not be greatly hydrolyzed, so that the colour change is 
given without too great a loss of sensitiveness. 

(b) Phenolphthalein. Phenolphthalein is the weakest acid 
indicator known. In aqueous solution the unionized molecule 
is colourless and the negative ion red, viz. : 

HPh ^ H + Ph 

colourless red 

When an acid is added to the solution of the indicator the 
slight dissociation is suppressed, and, consequently, the 
solution becomes colourless. If, however, a base is added to 
the solution the strongly ionized salt of the base and phenol- 
phthalein is formed, and the solution will, therefore, be 
coloured red. As phenolphthalein is such a weak acid 
indicator it is admirably adapted for use in the titration of 
very weak acids by strong bases, since a very slight excess of 

H ions will destroy the ionization of the indicator. It cannot, 
however, be used in the titration of weak bases, such as 
ammonia, since the strongly hydrolyzed salt of the base and 
the indicator would be formed, and, in consequence, the red 
colour due to the negative ion would appear long before 
equivalence had been attained. 

EXAMPLES OF BASIC INDICATORS 

/” (a) Methyl Orange. Methyl orange is a typical basic indi- 
cator. The unionized molecule is yellow and the positive ion 
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red. Consequently, the addition of an alkali to the methyl 
orange solution suppresses the slight dissociation of the indi- 
cator and the solution turns yellow. If, however, an acid is 
added to the solution the highly dissociated salt of the acid 
and the basic methyl orange is formed and the solution 
becomes red. Since methyl orange is a weak base it cannot 
be used in the titration of weak acids, as the ‘ end-point ' of 
the titration would be inaccurate owing to the hydrolysis of 
the salt of methyl orange and the weak acid formed in the 
titration. It is, however, suitable for use in the titration of 
weak bases, such as ammonia, by strong acids. 

(6) Methyl Red is also a basic indicator, and it is still less 
basic than methyl orange ; it is, therefore, more suitable than 
methyl orange for use in the titration of very weak bases by 

ki C 1C ^' Its . weak basic nature, however, renders it 

cnn^-H ab Ki f °K U j e ! n * he tltratlon of weak acids owing to the 

red form b i le hy i r ° ysls of the salt of the acid and the 8 methyl 
red formed in the titration. y 

nAiL *I HE . Dis , sociation Constants of Indicators Let 

and whi^h 6 S1 ^ Pk CaSe ,,° f an indicator which is a weak acid, 
and which is dissociated, therefore, only feebly • 


HA 


+ 

H 


A. 


Then, by the Law of Mass Action 
Ch x Ca 

= Kj (Dissociation Constant of the indicator) (3) 


'HA 


be“ W a e nd U th P rr T tb " d6gree ° f , dissoc ' at '°n of the indicator to 

K litres of later ° f the acid is dissolved in 

■ litres ot water, we can obtain from Equation M the exnres 

sion known as Ostwald’s Dilution Law ; viz P 


= K 



1 — a 


i.e. 


= K x 


( 4 ) 


(1 - a)V 

parativelv f° P , ° f the acid indicator is added to a com- 

centration Cw^then li? 6 u a ® olut i° n of hydrogen ion con- 
nractS, ^ th , e . Nation in the value of C H will be 
I2 y gbgtble (since the hydrogen ion concentration 
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of the indicator is very small compared with Ch), and it can 
be treated as if it remained constant. p ■« J 

Then, by the application of Ostwald’s Dilution Law (4), 
Equation (3) becomes 







, a -, Ki (5) 

1 — a Lh 

We have now obtained an expression from which we can 
calculate the degree of dissociation of an indicator in aqueous 
solution. In other words, if the dissociation constant of the 
indicator is known it is possible to predict approximately the 
concentration of hydrogen ions at which the indicator will give 
a colour change. To take a special case, it will be seen from 
Equation (5) that when a = 0-5, i.e. when the indicator is 
50% ionized, Ki will equal Cn. Thus, the concentration of 
hydrogen ions in a half neutralized solution is numerically 
equal to the dissociation constant of the indicator. In con- 
sequence, the colour of the indicator used will, at the half- 
neutralization point, be midway between the colour of the 
un -ionized molecule and the colour of the ion at the neutraliza- 
tion point. Moreover, if the degree of dissociation of the 
indicator is very small, the colour will approximate to that 
of the un-ionized molecule, and, if ionization is practically 
complete, the colour will be that corresponding to the colour 
of the ion. We thus arrive at the important conclusion that 
if we know the dilution of the indicator in any solution we 
can tell within what limits of hydrogen ion concentration the 
colour of the indicator changes. For example, methyl orange 
is light red when Ch = 10“' 3 , orange when Ch = 10 4 , and 
yellow when C H = io" 6 . We conclude, therefore, that the 
dissociation constant (basic) of methyl orange is 10 10 

(i.e. ) ( see § J 4 0 )- 

Recent research has revealed that the colour change of an 
indicator is not due to simple ionization alone, but that it is also 
due to a tautomeric change in the un-ionized molecules of the 
indicator. Nevertheless, this does not interfere with the applica- 
tion of the Law of Mass Action to the problem. For example, 
suppose we have an acid indicator the un-ionized molecules 01 
which exist as an equilibrium mixture of HXO and HOX, the 
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latter of which ionizes giving a negative ion of the same colour as 
the un-ionized. HOX. HXO is colourless. Then, in aqueous 
solution, we have 

HXO HOX ^ H + OX 
colourless coloured coloured 

Then, = lq, and Chox = k 2 . 

Chxo Chox 

Consequently, K,, the dissociation constant of the indicator, will 
depend upon the magnitudes of lc 2 and k 2 , and therefore, will obey 

the Law of Mass Action. The actual value of K, is - 1 x 

i + kj 

We are, thus justified in treating the behaviour of indicators 
from the simplest case where tautomerism may be neglected. 

Similarly, phenolphthalein is colourless at Ch = io~ 7 , 
feebly coloured at C H = io~ 8 , and deeply pink at C H = io~ 9 ! 
Therefore, the dissociation constant of phenolphthalein is in 
the region of io -8 . 

The following table shows the approximate dissociation 
constants for the common indicators : 


Indicator 

K: 

Methyl Orange 

Methyl Red 
Paranitrophenol 

Litmus 

Phenolphthalein 

io~ 10 (basic) 
io -9 (basic) 
io -8 
io~ 7 

I0“ 9 


It will be readily appreciated that here we have a method 
°t detenmning the region of hydrogen ion concentrations 
at which any indicator is effective. For example methyl 
1S effective at a hydrogen ion concentration of 

? ( _, w = 10 )> and Utmus at a hydrogen ion concentration 

of io gram-equivalents per litre. Thus, litmus is most 
effective at the neutral point (at 24 0 C.). 

I 44- The Hydrogen Ion Concentration of Salt 
^y TI0NS ,„ We have seen that an indicator, in aqueous 
solution, will give a colour change at a definite concentration 
of hydrogen ions. In order, therefore, to select a suitable 
indicator for use in a titration we must know the hydrogen 
ion concentration of the salt solution formed in the titration 

13 
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(a) The Salt of a Strong Acid and a Strong Base. For 
example, to choose an indicator for the neutralization of 
HC1 by NaOH, we must chose one which has a dissociation 
constant of the same order as the hydrogen ion concentration 
of the NaCl solution formed in the titration. Now, we have 

seen that the concentrations of H and OH ions in a NaCl 
solution are equal (§ 9 ), therefore, since Ch = Coh, the 
solution must be neutral ; and in neutral solution, Ch = io -7 . 

Therefore, the indicator chosen for the titration must have 
a dissociation constant of the same order. This condition 
is satisfied by litmus, the dissociation constant of which in 
io -7 , and litmus is the best indicator to use whenever a strong 
acid is titrated by a strong base. 

( b ) The Salt of a Weak Acid and a Strong Base. Let us 
consider the case where hydrocyanic acid, HCN (a weak acid), 
is titrated by KOH (a strong base). As a result of the 
titration, the salt, KCN, will be formed ; this salt will be 
highly dissociated, and, at the same time, will be strongly 
hydrolyzed, viz. : : : 


KCN ;= 

+ 

;cn 


— 

: + 

h 2 o * 

* OH 

: H 



jr 



HCN 


The feebly ionized acid, HCN, is formed, and, in consequence 

of the removal of H ions from the solution, more H 2 0 
molecules will dissociate in order to restore the equilibrium 
between the un -ionized water and its ions. Thus, there is an 

excess of OH ions in the solution, and an indicator such as 

litmus, which gives a blue colour with OH concentrations 
above io -7 , will, therefore, give an alkaline reaction with the 
KCN solution. We have to select, therefore, an indicator 
which has a dissociation constant of the same order as the 
hydrogen ion concentration of the KCN solution. Now, 
although the solution gives an alkaline reaction with litmus, 
it is electrically neutral. Therefore, the total number of 
positive ions must equal the total number of negative ions, 

v * z ‘ * Ch + Ck = Coh + Ccn. 

But, owing to hydrolysis, Ch is very small, and can be 
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neglected in comparison with the other ions. Moreover, C K 

and C C n are not equal, since some of the CN ions have been 
removed by hydrolysis to form un-ionized HCN ; but since 

each CN ion that has been removed by hydrolysis has been 

replaced by a fresh OH ion from the water, it follows that the 
concentration of the HCN formed by hydrolysis is equal to 

the concentration of the OH ions, viz. : 

Chcn = Coh- 

From Equation ( 2 ), which states that C H X C 0 h = Kw 
we can arrive at the expression 

r K w 

Chcn= C^ (6) 

But Hie HCN is in equilibrium with its ions, so that 

“C 1 = Ka ( the dissocia tion constant of HCN). 

Substituting in this expression the value of C HC n obtained 
in Equation (6), we have 

Ch X Cck „ 

- = K A ; 


K 


w 


Ch 


and, assuming that the KCN is completely ionized, and 

C " N i0nS WhiCh have been removed by hydro- 

Ccn = i, 

S e KCN mber itm solu,i “ ' e»">- 

obta^ StltUtmg thiS ValUe ° f ° CN in the above ex P res sion, we 


= K 



i.e. 


Kw 
Ch 

(Ch) 2 = K a KwV 


JJ 1US ’ , Ch = VKaKwV ( 7) 

?° W an ex PT ession b y means of which we can 
calculate the hydrogen ion concentration of a solution of 
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KCN, and, also, of the solution of any salt of a weak acid and 
a strong base ; e.g. : 

To Choose an Indicator for the Titration of Benzoic Acid by 
Decinormal NaOH. Ka, the dissociation constant of benzoic 
acid, is 67 X io -6 . Kw = io~ 14 , and, since the sodium 
benzoate solution obtained when ‘ equivalence ’ is reached is 
decinormal, V will equal 10. 

Thus, C H = a/6-7 x io — 5 x io- 14 x io, 

= Vio- 17 ' 2 , 

= IO -8 ' 6 . 

Therefore, we must choose an indicator which has a dis- 
sociation constant of this order. The indicator which 
satisfies this condition is phenolphthalein, which has a 

dissociation constant of io -9 . 

(c) The Salt of Strong Acid and a Weak Base. Let us 
consider the case where ammonia solution (a weak base) is 
titrated by HC1 (a strong acid). As a result of the titration 
the salt ammonium chloride is formed ; this salt is strongly 
ionized, and, at the same time, it is hydrolyzed, viz. : 


+ C1 
+ H 

jr 

nh 4 oh 



+ . + 

In consequence of the excess of H ions the H ion concen- 
tration will be greater than io~ 7 , and, therefore, litmus will 
rive an acid reaction with the solution. Here, again since 
the solution is electrically neutral, the total number of 
positive ions must equal the total number of negative 10ns, 

viz. : ^ ~ n 

Ch + Cnh 4 = . Coh + Ca * , ... 

But, owing to hydrolysis, C 0 n is very small compared with 
the other concentrations and can be neglected. Moreover, 

Cnh 4 and C C i are not equal, since some of the + NH 4 ions have 

been hydrolyzed to NH 4 OH ; and, as each NH 4 ion removed 
in this way has been replaced by a hydrogen ion, the concen- 
Nation of the undissociated NH 4 OH will be equal to the 

concentration of the H ions, viz. : 

CNH40H = Ch- 
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The NH 4 OH, however, is in equilibrium with its ions, so 
that 

Cn h^xCoh _ ^he dissociation constant of the base). 
Onh 4 oh 

Substituting in this expression the value of CNH4OH obtained 
above, we get 

Cneu x Cqh tt 
C h ~ Kb * 

But, from Equation (2) Coh = 7^ 

Oh 

r K w 

CnH 4 X -p— 

Therefore, * - = k b (8) 


Ch 


and, assuming the NH 4 C 1 to be completely ionized and 

+ 


neglecting the NH 4 ions removed by hydrolysis, we have 


Cxh 4 = y, 


where V is the number of litres of solution containing 1 gram- 
equivalent of NH 4 C 1 . 

Substituting this value for C^h 4 in Equation (8), we get 

i K w 

— v — - 

v c ^=k b; 


i.e. 




Thus, 


>/ 


K w 


K B V 


( 9 ) 


We now have an expression by means of which we can 

C ?i CU ^ te ^ * on conce ntration of a solution of ammonium 
chloride, and, also, of the solution of any salt of a strong acid 
and a weak base. 

u ?° r . ® xai ? :i P^ e » dissociation constant of ammonium 

ofNH^Q 6 1S 1 ^ X 10 6 * S0 * n a decinormal solution 


Ch 



10 


- 14 


c-8 x io~ 6 x 10 

= io~ 6 

Then, the best indicator to use in the titration of ammonium 
hydroxide by HC 1 (decinormal) is methyl red, since this 
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indicator has a (basic) dissociation constant of io -9 , which 

+ 

corresponds to a H ion concentration of io“ 5 (Kw = io“ 14 ). 

(d) The Salt of a Weak Acid and a Weak Base. Owing to 
the very high degree of hydrolysis of such a salt it is practically 
impossible to obtain accurate results with any indicator ; the 

H ion concentration of the solution does not vary greatly with 
moderate additions of either acid or base, and it is thus very 
difficult to obtain a good * end-point ' in a titration. As, 
however, there is never any need to titrate a weak acid with 
a weak base, the subject need not be examined further. A 
weak acid is always titrated with a strong base, and a weak 
base with a strong acid. 

145. The Four Rules of Titration. From the fore- 
going considerations we can deduce four simple rules for the 
choice of an indicator in any titration where normal or deci- 

normal solutions are employed : 

(1) Where a strong acid is to be titrated by a strong base, 

1 or vice versa, use litmus ; though any indicator may 

be used in ordinary titration where the limits of 
l experimental error are not very small. 

1 (2) In the titration of a strong acid by a weak base use a 

strongly acid indicator (^-nitrophenol) or a weak basic 
indicator (methyl red or methyl orange). 

(3) In the tit ration of a weak acid by a strong base choose 

' a weak acid indicator (phenolphthalein) . 

(4) Never titrate a weak acid with a weak base or vice 

‘ versd. 

+ 

Where very accurate titration is desired, the H ion con- 
centration of the resulting salt solution must be calculated 
by either Equations (7) or (9), and an indicator chosen which 
has a dissociation constant of the same order as the Ch value 

of the salt solution. 

146 The Behaviour of Polybasic Acids. Considered 
in the light of our knowledge of the variation of hydrogen ion 
concentration during titration, the behaviour of polybasic 
acids towards various indicators becomes intelligible. 

(a) Orthophosphoric Acid. We have seen (§ 29) that 
orthophosphoric acid behaves as a monobasic acid when 

methyl orange is the indicator, and as a dibasic acid if phenol- 
phthalein is employed. The reasons for this are now quite 

clear : 
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INDEX 


Accuracy of volumetric analysis, 
2 

Acetaldehyde, estimation of, 145 
Acetic acid, normal, 7 
Acidimetry, 18 
Acids, normal, 6 
Advantages of volumetric ana- 
lysis, 2 

Aldehydes, estimation of, 145 
Alkalimetry, 18 
Alkali cyanides, estimation of : 
silver nitrate method, 124 
thiocyanate method, 133 
Aluminium chloride, 14, 112 
hydrolysis of, 112 
Ammonium bisulphite, reduc- 
tion by, 76 
chloride, 14, 35 

Ammonium salts : 


direct determination, 35 
indirect determination, 36 
Ammonium thiocyanate, 54, 130 
Aniline : 

estimation of, 146 
solubility of, 168 
Antimonic compounds, 88 
Antimonious compounds, 87 
Arsenic compounds, 86 
Arsenious compounds, 85 
oxide, standard, 84 
Atomic weights, table, 187 


Barium : 

estimation of, 58 
in barium carbonate, 58, 126 
m barium chloride, 26 
Baryta solution, standard, 40 
Basic hydroxides, estimation of, 
111 

Bismuth, estimation of, 58 
Bleaching powder, estimation 
of ' 9 « 

"°ne ash, estimation of, 149 
Borax, estimation of, 33 
Bromates, estimation of, 97 
Bromides, estimation of, 121 
Bromide-bromate mixture, use 

of, 146 

Bromine water, estimation of, 93 


Cadmium : 


permanganate method, 58 
sodium sulphide method, 142 
Calcium, 58 

in Iceland spar, 58 
Calibration, 1 1 
Calculation of results, 9 
Carbon dioxide : 

in an insoluble carbonate, 126 
in a soluble carbonate, 127 
Centinormal solutions, 7 
Chlorates, stannous chloride and 
iodine method, 108 
silver nitrate method, 125 
Chlorides, estimation of, 121 
Chlorine : 


in a chloride, 12 1 
in bleaching powder, 94 
Chlorine in aqueous solution : 
iodometric method, 92 
silver nitrate method, 122 
Chromates : 

dichromate method, 79 
iodometric method, 98 
solubility of, 168 
Citric acid : 
behaviour, 185 
estimation of, 41 
Classification of methods, 2 
Cochineal, 36 

Colour changes of indicators 14 
174. 178 

Concordant results, 12 
Copper : 

cyanide method, 138 
insoluble sulphide method 58 
permanganate method (zinc). 





V 

ammonium thio 

., od > 133 
silver nitr^, u 

/ ' 

Decinorryl solutions, 7 
Degree^rt^Sissociation, 178 
Direct^. fnipthods, 3 
Dissociation constant : - ’ 
of indicators, 177, 179 
of water, 173 
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Errors in volumetric analysis, io 
Equivalence, 13 
Equivalents : 
of acids, 6 
of bases, 7 
of metals, 27 
External indicators, 17 


Ferric salts, estimation of : 
iodometric method, 109 
dichromate method, 75 
permanganate method, 53 
titanous chloride method, 136 
Ferric salts, reduction of : 

ammonium bisulphite method 

76 

hydrogen sulphide method, 54 
stannous chloride method, 75 
sulphur dioxide method, 54 
zinc and acid method, 53 
Ferric sulphate, as indicator, 13 1 
Ferrous salts, estimation of : 
dichromate method, 74 
permanganate method, 53 
Ferrous salts, oxidation of, 49. 73 
Formaldehyde, estimation of, 1 14 
Formic acid, estimation of, 69 
Fractional precipitation, 117 


Gold, estimation of, 58 

Gram-equivalent weight, 6 


Halides, estimation of, 120 
Hardness of water : 

Hehner’s method, 41 
soap solution method, 15 ® 
Hydrochloric acid, standardiza 

tion : . 

constant boiling solution, 24 

gaseous method, 24 
Iceland spar method, 23 
Hydrogen ion concentration . 
of acid solutions, 173 
of alkaline solutions, 173 
of salt solutions, 179 


of water, 173 
Hydrogen peroxide : 

iodometric method, 105 
permanganate method, 57. 
Hydrogen sulphide as a reducing 

agent, 54 

in aqueous solution, 90 

Hydrolysis, 15 f 

Hypochlorites, estimation 01 , 

93. 157 


Indicators, 2, 13 
external, 17 
theory of, 173 
Indirect determinations, 4 
Insoluble bases, equivalents of, 
28 

Iodates, estimation of, 96 
Iodides, estimation of, 120 
Iodide-iodate mixture, use of, 

II 3 . - 

Iodine, standard solution, 82 
Iodometry, 81 

Ionic product, of water, 173 
Ionization, degree of, 177 
Iron in ferrous salts : 
dichromate method, 74 
permanganate method, 53 
Iron in ferric oxide, 77 
Iron in ferric salts : 
dichromate method, 75 
iodometric method, 109 
permanganate method, 53 
titanous chloride method, 13b 

Law of Mass Action, application, 
118, 177 

Lead in lead nitrate, estimation, 
60 

Litmus, 14, 184 

Manganese dioxide, 63, 103 
ores, 63, 103 
sesquioxide, 63, 105 
Mass action, application of, 1 1 8, 

177 

Mercury, estimation of, 58 
Metals : 

which form insoluble oxalates, 

58 

which form insoluble sul- 
phides, 58 

which form sulphides soluble 
in acid solution, 58 
Methyl orange, 14, 17 6 
Methyl red, 177 
Mixtures, estimation of : 

Ammonium halide and am- 
monium salt, 160 
ammonium salt and alkali, 159 
ammonium salt and free am- 
monia, 157 

ammonium salt and hauae, 
160 

carbonate and alkali, 30 
carbonate and bicarbonate, 29 


INDEX 


195 


Mixtures, estimation of ( contd .) : 
cyanide and ferrocyanide, 162 
halide and acid, 155 
halide and alkali, 156 
halide and carbonate, 161 
oxalic and sulphuric acids, 154 
two acids, 31 
two alkalies, 32 
two alkaline carbonates, 33 
two halides, 122 

Neutralization, 3 
Neutrality, 13, 173 
Normality, 6 
variation of, 8 
Normal solutions, 6 
Nickel, estimation of, 58 
Nitrates, estimation of, 100 
Nitrites : 

iodometric method, 102 
permanganate method, 65 

Organic acids, estimation of, 40 
Ortho-boric acid, estimation of, 
_ 34 

Orthophosphoric acid, estima- 
tion of, 38 

Ostwald's Dilution Law, 177 
Oxalates : 

soluble, estimation of, 56 
insoluble, estimation of, 58 
Oxidation methods, 3, 4 
Oxidizing agents, estimation of, 
92 

♦ 

Parallax, 12 

Paranitrophenol, 14, 176 
Percentage solutions, 6 
Persulphates : 
iodometric method, 99 
permanganate method, 67 
Phenacetolin, 42 
Phenolphthalein, 14, 176 
Phosphates, estimation of, 147 
Phosphoric acid : 
behaviour, 38. 184 
estimation of, 38 
Polybasic acids, 184 
Potassium : • 

antimonyl tartrate, 87 
bi-iodate, as an acid, 9 

bi-iodate, as an oxidizing 
agent, 9 6 

bromate, 97 

bromide-bromate mixture, 146 


Potassium (contd .) : 

chlorate by silver nitrate, 125 
chlorate by stannous chloride, 
108 

chromate by iodine, 98 
chromate by dichromate, 79 
cyanide by ammonium thio- 
cyanate, 133 

cyanide by silver nitrate, 124 
ferricyanide, 73 
ferrocyanide, standard, 143 
iodate, estimation of, 96 
iodide-iodate mixture, 112 
nitrite, by iodine, 102 
nitrite, by permanganate, 65 
oxalate, 56 
permanganate, 48 
permanganate, in acid solu- 
tion, 9, 48 

permanganate, in alkaline or 
neutral solution, 9, 69 

Reducing agents, estimation of, 
88 

Reducing power of stannous 
chloride, 77 
Reduction : 

by ammonium bisulphite, 76 
by hydrogen sulphide, 54 
by stannous chloride, 75 
by sulphur dioxide, 54 
by zinc and acid, 53 

Salts : 

of strong bases and strong 
acids, 15, 180 

of strong bases and weak 
acids, 16, 180 

of weak bases and strong 
acids, 16, 182 

of weak bases and weak acids, 

184 

hydrolysis of, 15, 180 
Saltpetre, estimation of, 101 
Silver : 

in silver alloy, 132 
in silver nitrate, 129 
Silver chloride, solubility, 118 
chromate, solubility, 118 
Soda ash, estimation of, 30 
Sodium : 
arsenate, 86 
arsenite, 85 

bicarbonate, use with arsen- 
ious oxide solution, 84 
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Sodium ( contd .): 

bicarbonate, estimation, 29 
carbonate, normal, 18 
carbonate, estimation of, 19 
carbonate, hydrolysis of, 16 
chloride, estimation of, 121 ( 

chloride, solubility of, 165 
chloride, normal solution, 129 
hydrogen sulphate, 8 
metaborate, 34 
sulphide, standard, for zinc, 
140 

sulphide, standard, for cad- | 
mium, 142 

sulphite method for alde- 
hydes, 145 , _ 

thiosulphate, standard, 82 
thiosulphate, solubility of, 167 
Solubilities of gases, 169 
ammonia, 170 
chlorine, 172 
hydrogen chloride, 171 
sulphur dioxide, 171 
Solubilities of liquids, aniline, 

168 

Solubilities of solids, 164 
ammonium salts, 165 
ferric salts, 166 
ferrous salts, 166 
halides, 165 
oxalic acid, 166 
potassium bromate, ibo 
potassium chromate, *68 
potassium dichromate, 100 
potassium iodate, 167 
silver nitrate, 167 
sodium thiosulphate, 107 
tartar emetic, 167 
Solubility product, n» 

Standard solutions, 5 


Stannous chloride, estimation 
of, 78 

method for chlorates, 108 
method for reduction, 75 
Starch solution, 81 
Succinic acid, estimation, 40 
Sulphur dioxide : 

as a reducing agent, 54 
estimation in aqueous solu- 
tion, 88 

in a soluble sulphite, 89 
Sulphites, soluble, estimation of, 
88 


Tartar emetic, estimation of, 87 
Theory of indicators, 173 . 

Thermal expansion of solutions, 

1 2 

Titanous chloride method for 
ferric iron, 136 
Tin, estimation of : 
by dichromate, 78 
by iodine, 107 

Uranium salts as indicators, 143 
method for phosphates, 147 

Vanadium compounds, estima- 
tion of, 106 

Variation' of normality, 8 
Water, dissociation of, 173 


c, estimation of: 

> y potassium ferrocyanide, 143 
>y potassium permanganate, 

>y 6 sodium sulphide, 141 
l blende, estimation of, 142* 



% .4 


* l 



vV, ' — 

Sw - v • 


t 



